The Region of the Thorax by unknown
Thomas Jefferson University
Jefferson Digital Commons
Regional anatomy McClellan, George 1896 Vol. 1 Jefferson Medical Books and Notebooks
November 2009
The Region of the Thorax
Let us know how access to this document benefits you
Follow this and additional works at: http://jdc.jefferson.edu/regional_anatomy
Part of the History of Science, Technology, and Medicine Commons
This Article is brought to you for free and open access by the Jefferson Digital Commons. The Jefferson Digital Commons is a service of Thomas
Jefferson University's Center for Teaching and Learning (CTL). The Commons is a showcase for Jefferson books and journals, peer-reviewed scholarly
publications, unique historical collections from the University archives, and teaching tools. The Jefferson Digital Commons allows researchers and
interested readers anywhere in the world to learn about and keep up to date with Jefferson scholarship. This article has been accepted for inclusion in
Regional anatomy McClellan, George 1896 Vol. 1 by an authorized administrator of the Jefferson Digital Commons. For more information, please
contact: JeffersonDigitalCommons@jefferson.edu.
Recommended Citation
"The Region of the Thorax" (2009). Regional anatomy McClellan, George 1896 Vol. 1. Paper 12.
http://jdc.jefferson.edu/regional_anatomy/12
240 THE REGION OF THE THORAX.
even the innominate artery, may be drawn upward above the margin of
the manubrium stern i, in consequence of the compara tively greater laxi ty
of the connective tissue. The upper portion of the th ymus gland is also
often in the \Yay. In the adult, however, unl ess there is an unusual origin
for the innominate artery, it can hardly be made to mount so high as the
supra-stern al notch by stretching the neck, as already stated (page 222).
In opera ting below the isthmus the inferior thyroid veins should never be
forgotten, and the knife should be introduced with th e back toward the
stern um, to avoid the thymus gland and other structures in that situation.
THE REGION OF THE THORAX.
The landmarks of this region are so obscured by the superficial and
external structures that they are not easily recognized without particular
knowledge of the component parts in their several localities. They are
of the greatest importance, on account of their medical application in the
physical examination of the chest as relates to diagnosis by auscultation
or percussion in affections of the thoracic organs. Attention will therefore
be first drawn to the general construction of the thorax, and th en to its
principal features in detail, before considering its topographical relations.
T he skeleton of the thorax (Plate 28) is composed of the dorsal
vertebrte, the ribs and costal cartilages, and the stern um, so arranged as to
form a conical, movable framework, which gives attachment to the muscles
of respiration, and affords protection to the heart and the lungs. The
method of the articulation of the ribs with the dorsal vertebrre behind,
and with th e sternum through their carti lages in front, is one of the most
ingenious pieces of mechanism in nature, which not only permits the
unceasing momentary alterations in capacity of the thoracic cavity during
respiration, but also fulfils the function of support and protection.
The 'ribs are twelve pairs of flattened, bony hoops, which are attached
to the spinal column between the neck and the loins, and so arranged that
they project anteriorly and describe a series of arches which increase in
length to the seventh and in obliquity to the ninth from above downward .
The obliquity of the ribs is so great that the stern al end of any rib is on
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a level with the vertebral end considerably below it in numerical order.
Thus, the first rib in front corresponds to the fourth rib behind, the fifth
to the ninth, the seventh to the eleventh . The seven upper rib s have
separate carti laginous prolongations which connect them with the stern um,
and are distinguished as true or sternal ribs, whereas the lower five are
called false or asternal r ibs, because they are not joined directly with the
sternum. .Of the latter, the eighth, ninth, and tent h ribs have cartilagi-
nous prolongations which unite and turn upward to join the cartilage of
the seventh rib so that they are brought indirectly in connection with the
sternum. The eleventh and twelfth ribs are without cartilages and termi-
nate in free ends in the muscular walls of the abdomen, and hence are
called floating ribs. Very rarely the eighth rib presents the anomaly of
having an independent cartilaginous prolongation to the sternum (Plate
29), and therefore would then come within the classification of a true rib.
Each rib is peculiarly modified in conformation to its position in the series,
and from the firs t to the last they are so remarkably adapted that the
slight rotation which can take place only at their vertebral articulations
occasions not only a slight elevation of their sternal ends, but an eversion
of their lateral surfaces, so that by their united action the thoracic cavity
is enlarged in every direction, The vertebral extremities or heads of the
in termediate ribs, which closely resemble one another in all respects, are
covered with ar ticular car tilage, which in all but the first and last three
is divided by a slight transverse ridge into two facets for articulat ion with
the bodies of two contiguous vertebrte, The lower facet is the larger,
and is received upon the vertebral body which corresponds num erically
with the rib.
The costo-uertebral joints are each provided with a capsular ligament,
including two synovial membranes separated by a fibro-cartilag inous inter-
articular ligament, which extends from the intervertebral disk to the
transverse ridge between the facets on the head of the rib . These joints
are reinforced anteriorly by fibres which radiate from the anterior border of
the head of each rib to the side of the body of the vertebra above, to the
front of the intervertebral disk, and to the front of the body of the vertebra
below, forming the stellate ligament. The narrowed portion beyond the
31
242 THE REGION OF THE THORAX
head of each rib is called the neck. This is smooth in front, but roughened
behind for the attachment of the posterior access01'y ligament, consisting
mostly of transverse fibres which connect it with the front of the tra nsverse
process of the corresponding vertebra. The neck is generally two and a
half centimetres, or about an inch, in length, and ends in a roughened
process called the tuberosity, which presents on its inner surface a smooth
oval facet for articulation with the end of the transverse process of the
vertebra. This is also provided with a delicate capsular ligament and
encloses a synovial membrane.
The fibres which connect the necks and tubercles to the transverse
processes are called, from their relative positions, anterior, middle, and pos-
terior costo-transverse ligaments. The anterior consists of a broad band of
. .
fibres extending between the upper border of each rib to the lower border of
the transverse process above. It is in relation in front with the in tercostal
vessels 'and nervea. The middle consists of short fibres which pass from the
back part of the neck of each rib to the anterior surface of the adjacent
transverse process. The posterior consists of a short, strong band which
passes obliquely from the top of the transverse process to the neck of the rib
just back of the tubercle. Between the last two ribs and the transverse
processes of the corresponding vertebrte the middle and posterior costo-
transverse ligam ents are very loose and allow considerable freedom of
motion to these ribs. I t should be noted in thi s connection that the trans-
verse processes of the dorsal vertebras become more oblique from above
downward, and consequently the obliquity of the neck of each rib increases.
Beyond the tub erosity each rib is prolonged forward as a narrow, flattened,
bony hoop, constituting the body or shaft. The inner surface is concave
and smooth, and the outer surface is rough . The upp er border is rounded
and thick, and gives attachment to the internal intercostal muscles. The
lower border is grooved for the accommodation of th e in tercostal vessels and
nerve, and presents a sharp external edge for the attachment of the external
intercostal muscle. The body of each rib from the second to the tenth at a
short distance from its neck suddenly bends forward and changes the direc-
tion of its curve. At this point of divergence there is upon the external
surface an obliqu e ridge called the angle, which upon each successive rib
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downward is situated farther outward, and corresponds to the insertion
of the slips of the saero-lumbalis muscle. Furthermore, as each r ib
approaches its sternal end there is a tendency for the body to twist in its
ax is, so that the posterior surface behind the angle is inclined downward
and inward , while toward the middle of the body th e bone is inclined
downward and outward. This gives the spiral shape which can best be
"appreciated when an isolated specimen is placed upon a flat surface, it
being then found th at both ends cannot be kept down at the same time.
I n consequence of the obliquity and curvature of the ri bs, a pistol-ball
upon striking one of them may be deflected in its course, and if it has
entered in front may be found in the muscles of the back, or if it has
entered from behind ma.y pass out near the sternum. The sternal portions
of the ribs are broader, thi cker, and more porous than elsewhere, and have
cupped depressions in their ends to receive the costal cartilages.
The ri bs which have noteworthy indi vidual peculiarities are the two
upper and three lower rib s upon each side. The fi rst rib is broad, nearly
flat, and very curved, but without any twist in its axis. It has a small
rounded head, which has only one articular facet for articulation with the
body of the first dorsal vertebra. The neck is long and slender and
ends in a decided tub erosity. In very pronounced specimens the upper
surface presents two shallow oblique impressions in front of the middle
of the body, which are separated by a slight rid ge. The posterior impres-
sion is for the subclavian artery, the anterior part of the ridge for
the attachment of the scalenus anticus muscle (page 220), and the anterior
impression for the subclavian vein. Between th e tuberosity and the
impression for the subclavian artery there is a rough surface for the
scalenus medius muscle. The second rib is not so broad as the first,
and conforms more to the succeeding ribs below, but it is without any
twist and is also flatter . . The head is provided with two facets for
articulation with the bodies of the first and second dorsal vertebrre.
About the middle of the body there is a roughness for the attac h-
ment of the scalenus posticus and serratus magnus muscles. On both
the first and the second rib the angle is very slightly developed. Th e
tenth rib is long and curved, and has only a single facet on its head.
PLATE 35.
Prepa ration to show the relations of the heart and the great vessel s at the root of the ne ck . The pericardium Is
open ed and held aside.
1. Th e th yro id notch.
2. The r ight com mo n carotid artery.
3. The right superio r laryngeal nerve.
4. The r ight superior thyroid artery.
5. The crico- th yro id membrane, with the erica-thyroid
artery ,
6. The cricoid cartilage.
7. Th e righ t supra-scapula r artery.
8. The r ight sca len us anticus muscle.
9. The rig ht subc la vian a rtery.
10. The r igh t brach ial pl exus of nerves.
11. The righ t first ri b.
12. The rig ht pneumogas tri c nerve.
13. The innomi nate a rtery.
14. The rig ht recurren t laryngeal nerve.
15. The rig ht innomi nate vein.
16. The righ t phrenic nerve.
17. The transverse a rch of th e aorta.
18. The su pe rior vena ca va .
19. Th e u ppe r lobe of th e r ight lung, drawn outward.
20. The pe rica rdi um drawn outward to expose the root of
th e heart.
21. Th e ri ght auricle of the heart.
22. The middle lobe of th e ri ght lung.
23. Th e right corona ry artery of the heart.
24. Th e pe ric a rd ium opened and resting upon the dla-
ph ragrn.
25. The lower lo be of th e right lung.
26. Th e left th yro-h yoi d muscl e.
27. The left superio r thyroid artery.
28. The left superio r lary ngeal nerv e.
29. The left internal j ugula r ve in .
30. The left common carotid ar tery.
31. The left scale nus an ti cus muscle.
32. The left brach ial plexus of nerves.
33. Th e left pn eu mogastric nerve.
34. The left subclavian artery.
35. The left subclavian vein.
36. The left recurrent laryn gea l nerve.
37. The left innom in ate vein .
38. Th e u pper lobe of th e left lun g, drawn asi de.
39. Th e descending po rtion of th e ar ch of the ao rta.
40. The asce nding portion of th e aor ta .
41. Th e pulmonary a rte ry.
42. The upper port ion o f th e pe ric a rdium, d rawn aside to
show th e root of th e heart.
43. The left co ronary a rte ry of the h ea rt.
44. The lower lobe of th e le ft lung, d ra wn asi de .
45. Th e right ventricle of th e heart.
46. Th e apex of th e h eart.
47. Th e lower porti on of th e pe rica rdi um , drawn aside to
show the apex of the heart.
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The eleventh and tuielfth. ribs are less well developed III every respect
than the others, and have each a single facet on th e head, but are with-
out neck or tubercle and terminate in sharp-pointed extremities. The
difference between them is that the eleventh has a slight angle and
groove on its under border, while the twelfth has neither. Occasion-
ally there is found a rudimental thirteenth rib on one or both sides
in either the cervical or the lu mbar region. The sixth, seventh, and
eighth ribs are those most frequently fractured, on account of their being
usually more exposed than the others.
The car tilaginou s prolongations of the ribs, or costal cortilaqee, which
bring them in connection with the sternum, resemble in shape the sternal
ends of the bony ribs, into which they are fitted without articulation, being
merely adjusted and enveloped in a thi ck perichondrium. In length
they increase downward to the seventh, and thence gradually decrease.
T he first costal cartilage corresponds in breadth to its proper rib, and,
like the second, thi rd , and fourth costal cartilages, which are narrower, is
continued to the ster~um in the "line of its ri b. The cartilages of the
lower tr ue ri bs, also narrow, converge upward to be joined to the stern um ;
the seventh is the largest, and receives the cartilage of the eighth rib at
its under surface, as the eighth does that of the ninth and the nin th
that of the tenth. The cartilages of the floating ribs are merely tips to
the bones. The union of the several cartilages with the sternum offers all
the characteristics of a joint, with special differences in some instances.
The first clunulro-siernai joint is a synchondrosis, the carti lage being
continued into a depression on the outer angle of the top of the manubrium
sterni, which admits of very little motion. This cart ilage is often partially
or completely ossified at middle life. The second clumdro-sternal joint
occurs at the junction of the manubrium with the gladiol us of the sternum,
and consequently there are double ar ticular surfaces, with an interarticular
fibro-cartilage and a synovial membrane. T his joint is of topographical
value, as it can be located through the superficial structures by its
relation to the constant ridge between the manubrium and glad iolus sterni
(Plate 28) . The succeeding costal cartilages are joined to the margins of
the sternum in a manner very closely resembling the attachment of the
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head of the first rib to the body of its vertebra. The seventh chondro-
sternal j oint often resembles the first, and has slight motion. E ach of
these joints is provided with a capsnle from the adjoining periosteum,
which is strengthened by the anterior chondro-sternal ligament, composed
of fibres radiating from the ends of th e costal cartilages on the front
of the stern um, where th ey interlace with one another above and below
and from the opposite side and with the tendinous attachments of the
pectoral muscles. The posterior chondro-sterna l ligament is the corre-
sponding fibrous interlacement on the endothoracic surface of the articu-
lations. The cartilages of the eighth, ninth, and tenth ribs are connected
to one another and to the cartilage of the seventh rib by the interclumdral
ligaments. The costal cartilages are very elastic in youth, those of the
lower ribs par ticularly so. In certain diseased conditions these cartilages
become ossified and are liable to fracture.
The sternum, or breast bone, consists in the adult of three light, flat,
spongy bones which are supported by the costal cartilages in the front
of the chest, and taken together form it narrow, long, bony mass shaped
somewhat like an old Roman sword. The upper portion resembles the
handle, and is called th e manubrium (or presternum), the central blade-like
por tion is the gladiolus (or mesosternum) , and the lower pointed process
(usually cartilaginous) is the ensiform process (or metasternum), which,
because of its variability of form and frequently forked termination, is
also known as the xiphoid appendix. The manubrium is the broadest and
thickest part, and presents on each lateral border three articular surfaces,
th e upper of which is the largest, for the articulation with the clavicle
(page 324), the middle just below it for the cartilage of the first rib, and
the lower half facet for the upper border of the cartilage of the second
rib. The upper border of the manubrium is on a level with the lower
border of the second dorsal verteb ra, is smooth, and is noticeable through
the skin between the two sterno-clavicular joints as a marked depression,
called the supra -eternal notch.
The gladiolus is ordinarily broadest between the articulations of the
cartilages of the fifth ribs. Upon the lateral borders are the articular
notches for the rib cartilages, and runnlllg across the bone between them
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from side to side are imperfectly-marked ridges, indicating the original
segmentation in its fo~·mation. The ensif orm carti laqe is irregular, notched
or bifid, and is often bent forward or to one side owing to some habitual
occupation during life, as the pressure exerted by a cobbler's last. There
is a olumdro-xiphoid ligament which extends from the cartilage of the
eighth rib on each side to this process.
The chief difference in the length of the sternum in the female (seven-
teen and a half centimetres, or about seven inches) and in the male (twenty
centimetres, or about eight inches) is in the gladiolus, which in the former
(Plate 41, Fig. 1) is shorter and broader proportionately than in th e
latter (Plates 28 and 29). The outer surface of the sternum is slightly
convex, the inner concave. Looked at from the side, the anterior
surfaces of the different portions will be seen to occupy different planes,
so that there is always a slight bend at the junction of the manubrium
and gladiolus. The plane of the manubrium inclines forward, that of the
gladiolus less so, and the ensiform cartilage is usually vertical, although, as
just stated, it is subject to variations. The outer layer of compact tissue
which encases the spongy substance of the sternum affords very slight pro-
tection, but the periosteal covering is very dense, and thicker than usual in
other bones. The joint between the manubrium and gladiolus is rarely
ossified, and there is often a decided yielding or tendency to sinking back-
ward of the top of the gladiolus, which has in some instances been errone-
ously surmised to be the result of fracture. As stated, the fridge in this
situation is constant, and of the greatest service in counting the ribs, for,
as it corresponds to the attachment of the cartilage of the second rib on
each side (page 245), it is easy to ascertain any other by counting down-
ward. The median line of the sternum is not continuous with the median
line of the abdomen, but inclines rather to the right.
The intercostal spaces in relation to the sternum are noticeably wider
above and narrower below. The second intercostal space is generally the
widest (Plate 29), but they all vary with the expansion and contraction
of the chest in respiration. They can be increased by bending the body
over to the opposite side.
The skeleton of the thorax, considered as a whole, is somewhat flattened
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in front and behind, so that its width from side to side exceeds its depth,
which is characteristic of the human thorax as compared with that of
quadrupeds, and makes the supine position naturally an easy one to man.
The anterior surface is slightly convex, corresponding to the direction of
the sternum and the costal cartilages by which it is formed. The lateral
surfaces are convex, and formed by the arching bodies of the ri bs and the
intercostal spaces. The p osterior surface is also convex from above down-
ward, and is formed by the dorsal vertebrre and the portions of the ribs
posterior to their angles. The thorax increases in dimension from the first
rib to the eigh th, where its transverse diameter is greatest. There is much
variability in the form of the thorax at all periods of life, and very com-
monly there is a want of symmetry in the two sides, the circumference of
the right usually being greater than that of the left. In early childhood
the thorax is relatively smaller than in the adult, the ribs are flatter and
less hooped, and up to the end of the third year breathing is more abdom-
inal than thoracic, while after that age, in boys, and in men too, it is
effected by the action of the muscles attached to the lower seven ribs as
well as the diaphragm. In adult females the upper portion of the thorax
is less compressed from before backward, and the upper ribs are naturally
brought more into play, even when not influenced by artificial pressure,
so that in them breathing is thoracic. A horizontal section made through
the middle of the thorax (Plate 41, Fig. 2) presents a cordiform or heart-
shaped outl ine, owing to the projection of the bodies of the dorsal portion
of the vertebral column into the back of the thoracic cavity. Such a sec-
tion will also show that the ri bs are cut obliquely. In the male a section
made on a level with the lower borders of the third ribs anteriorly and
through the body of the eighth dorsal vertebra posteriorly will generally
cut the eighth, seventh, sixth, fifth, and fourth ribs (Plate 41, Fig. 2) .
The dorsal uer tebrte, or, more properly, thoracic uertebrce, are peculiarly
adapted with facets and demi-facets for the articulation of the ribs. The
first corresponds in general conformation to the vertebra prominens of the
neck, and the last to the first vertebra of the lumbar region. Their bodies
are thicker behind than in front, as are also the dorsal intervertebral disks,
so that when they are articulated they present a natural curvature with the
THE REGIo.N OF THE THORAX. 249
convexity backward. T he dorsal spines are very oblique, and it should be
remembered that their tips do not correspond to the bodies. That of the
first is opposite the disk between th e first and second bodies ; that of
the second is opposite the body of the third; that of the fourth is on a level
with the disk between the fifth and sixth; those of the fifth, sixth, seventh ,
and eighth are opposite the seventh, eighth, ninth, and tenth. That of
the ninth corresponds to the body of the tenth, the tenth to the eleventh,
and the eleventh is opposite the disk between the eleventh and twelfth.
The further description of the dorsal vertebrre will be found under the
anatomy of the back, in V ol. II.
The terms superior and inferior apertures of the thorax are misleading,
such openings existing only in the skeleton. The superior, corresponding
to the summit of the thorax, gives passage to the structures at the root
of the neck and to the dense fibro-cellular tissue which is prolonged over
them from the deep cervical fascia into the thoracic cavity. The inferior
opening, or base, is closed in the recent state by the diaphragm, which
forms a muscular partition between t'!:;.c; ch est and the abdomen. Although
the diaphragm is arched upward to a considerable extent and its muscular
portions fall and rise continually in unison with the efforts at respiration,
thereby alte rnately increasing and diminish ing the capacity of the thorax,
the actual space occupied by the lungs and heart is very limited compared
to that indi cated by the outward appearance of the bony cage. The dia-
phragm (page 320) is on a level with the junction of the fifth costal carti-
lage and rib on the right rid e, and of the sixth on the left (Pl ate 27),
corresponding to the height to which the liver reaches. It is attached in
front to the ensiform cartilage, but it curves downward to become attached
to the last rib on both sides.
The skin over the anterior sur face of the thorax is delicate and closely
connected with the superficial fascia. I t is tense and very slightly movable
over the sternum, but at the sides, in consequence of the traction exerted
by the underlying muscles, the pectoralis major and minor and the latissi-
mus dorsi, forming the folds of the axilla, it is freely movable. The skin
over the stern um in dark-hued males is usually the seat of the growth of
curly black hairs associated with large sebaceous glands. The superficial
32
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fascia is generally loose, and does not contain much fat except in relation to
the mammre, where the fascia subdivides into two layers which surround
these glands and send num erous septa between their various lobes. The
ligamenta suspensoria are fibrous processes which project from the anterior
layer to the skin around the nipples.
The mammary glands in the female (Plate 44, Fig. 1) extend from
the third to the sixth rib on each side between the axillre and the sternum.
They vary in size and shape according to their functional development
and the general physical condition of the individual. When fully formed,
with the enveloping skin, fascia, and fat, they appear as globular promi-
nences, the breasts, from which protrude conical, brownish- pink-colored
eminences, the nipp les, which are surrounded at their bases by a zone of
colored skin, the areola. The nipple is usually situated opposite the fourth
in tercostal space, and twelve centimetres, or about four and a half inches,
from the middle line; but its position is variable and cannot be relied upon
as a reference for definite measurement (Plate 27) . The skin of the areola
is extremely thin, and is covered with a number of little whitish tubercles
which contain the orifices of sebaceous glands. The skin of the nipple is
provided with sensitive papill te, and consists of retiform tissue in terspersed
with unstriped muscular fibres. I t is highly vascular. The milk-ducts
open upon the summit of th e nipple by from fifteen to twenty orifices.
The nwrmnary gland is a racemose glandular structure, consisting of
from fifteen to twenty lobes, which are supported by the septa inflected
from the anterior layer of the fascial investment. The lobes are quite
independent of one another, so that in mammary abscess it is often
necessary to make several openings, and they should be made in a
straight direction radiating from the nipple, in order to avoid as far as
possible injuring the milk-ducts.
The arteries which enter the margins of the gland ar e small and
n umerous, and they do not accompany the ducts. Those for the upp er
lobes ar e derived from the thoracico-acromial artery, those for the outer
lobes from the long thoracic and external mammary arteries, and those for
the inner lobes from the anterior intercostal arteries (Plate 44, Fig. 1).
The deep veins accompany the arteries; the superficial veins form an
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anastomosing circle around the base of the nipple and end 10 the supe-
rior thoracic veins. .
The lymphatic vessels are num erous, and chiefly converge toward the
axill ary 'glands, following the outer border of the gr eat pectoral muscle
(Plate 44, Fig. 2), while others terminate in the anterior mediastinal
glands in relation to the in ternal mammary vessels (Plate 41, F ig. 1),
penetrating the thoracic walls through the upper three intercostal spaces.
The distinction between the sub-stern al and axillary glands with reference
to their possible involvement in cancer should be clearly understood. The
former receive the lymphatic vessels from the inner portion of the breast,
so that in cases where they have become implicated they are anatomical
obstacles to the effectual removal, of a scirrhous breast, notwithstanding
the most thorough enucleation of th e axillary glands with the tumor.
T he superficial lymphatics from the vicini ty of the nipple pass to a gland
below the outer border of th e clavicle.
The nerves are chiefly derived from the anterior and lateral cuta neous
branches of the intercostal nerves. The superficial fascia along the border
of the stern um is pierced by the anterior cutaneous branches of the inter-
costal nerves, which emerge with the anterior intercostal branches of the
internal mammary artery, the second, third, fourth, and fifth being dis-
tributed to the mammary gland. The connections of the intercostal nerves
explain the diffusion of pain complained of in many affections of the
breast. In the female there is always a loose layer of connective tissue
underneath the gland, and often a bursa, which allows it to glide freely over
th e pectoral muscle, to which it is in no way attached in the healthy state.
In the male the gland is rudimental, and . as the substratum of connective
tissue is less loose, it follows to a greater extent the movements of the
pectoralis major muscle. Occasionally the male mammre are developed,
and in rare instances have been known to secrete milk; and there are
•numerous recorded cases of supernumerary mamrnre in the female, various ly
situated in the back, axilla, groin, and th igh . In the female the various
modifications which the breasts assume after puberty are coincident with
the other ph enomena attendant upon pregnancy.
In the op eration f01· removal of the breast the arm of the affected side
PLATE 36.
Dissection of th e pn eu mogastr ic nerve on the left side, and its relati ons to the phrenic and sympathetic nerves.
(From a femal e, aged thirty-seven years.)
1. Th e pa rotid gla nd .
2. '1'he d lgastr te m uscle,
3. Th e styloid process.
4. Th e styl o-glossus muscle.
5. The lin gual (or gusta tory) nerve.
6. Th e hypoglossal nerv e.
7. Th e glosso-ph aryngeal nerve.
8. Th e li ngual artery .
9. Th e di gastric m uscle attac hed to the hyoid bone by th e
loop of deep fascia.
10. Th e great cornu of the hyoid bone .
11. The atta chment of th e omo-hyoi d muscle to the h yoid
bone.
12. Secti on th rough th e symphysis of the lower jawbone.
13. Th c superior la ryngeal ne rve,
H . The cr ico-thyroid musc le.
15. The superio r thyroid artery.
16. The top of th e thyroid ca rtilage .
17. Th e descendens hy poglossi ner ve.
18. Th e righ t sterno-thyroi d and hyoid muscles.
19. Thc th yroid body.
20. The Internal j ugular veln.
21. The pn eu mogastri c nerv e,
Z! . The lower ce rv ical ganglio n of th e sympathetic nerve,
23. The com mon ca rotid arte ry.
24. Th e recurren t laryn geal n erv e.
25. Th e Innomi nate artery.
26. Th e ste rnal en d of the right clavicle.
27. Th e left innominate vei n.
28. Th e left first rib .
29. Th e an terio r mar gin of the right lung.
30. The asce ndi ng porti on of th e arch of the aorta.
31. Th e right seco nd rib.
3'2, The right auricle.
33. Th e right third rib.
34. Th e left ph renic nerv e.
35. Th e apex of the left ventricle of the heart.
36. The bran ch es of th e posterior coronary artery.
37. Th e right fifth rib.
38. The right sixth rib.
39. Th e gastric branch es of th e left pneumogastric nerve.
40. The diaphragm over the liv er.
41. Th e right seventh rib.
42. Th e sawn end of th e ramus of the lower jaWbone.
43. Th e occi pita l artery.
44. Th e spinal accessory nerve.
45. Th e tr ap ezius mu scle.
46. Th e internal jugular vein.
47. The second cervical spi nal nerve.
48. Th e thi rd ceryl cal spinal nerve.
49. The upper-long-cerrical ga nglion of th e sympathe tlc
ner ve.
50. Th e extern al carotid artery.
51. Th e Int ernal carotid arter y.
52. Th e descen dens hypoglossi nerve.
53. Th e omo-hyoid m uscle.
M. Thc scalenus nnti cns muscle .
55. The sym pa the tic nerv e.
56. The left phreni c ner ve.
57. The cords of the bra chi al plexus of nerv es.
58. The subclavian arte ry.
59. Th e subclavian vein.
60. Th c in serti on of th e scalenus an ticus muscle at th e Inne r
bord er and upper surface (tubercle? ) of th e first rib.
61. Th e pneu mogastric nerve.
62. Th e oesoph agus (d istended) .
63. The first in tercosta l artery coming from th e subclavian
artery.
64. Th e Int ern al mammary artery.
65. The left In nominate vein.
66. The second in ter costal artery a nd ne rve.
67. The or igin of the subclavian artery,
68. The left thi rd r ib.
69. Th e sympathe tic ne rve,
70. The left th ird Int er costal artery and nerve.
71. Th e transverse portio n of th e arch of th e aort a.
72. Th e left fourth rib.
73. Th e left fourth int ercostal ar tery and ne rve,
74. The left fifth rib.
75. Th e pulmo nary art ery.
76. The left fifth in te rcostal arte ry and nerve.
77. Th e roots of the pulmonary vessels an d bron chi .
78. Th e six th Intercos ta l a rter y and n erve.
79. Th e msophageal br an ch es of the pne umogastric nerve.
80. Th e great spla nch nic nerv e.
81. The left auricle of th e heart.
82. Th e seventh inter costal arte ry and nerve,
83. Th e lesser splanchn ic ne rve.
84. Th e azygos m inor vein.
85. Th e pn eumogastr ic nerve.
86. Th e left eighth rib .
87. Th e diaphragm arching oyer the spleen.
88. Th e phrenic nerv e.
89. Th e gas tric branch es of th e pn eumogastr ic ne rve pass-
Ing through the diaphragm to th e stoma ch.
90. The terminal branches of th e pn eu mogast ric nerve,
91. The splee n.
92. The stomach.
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should be drawn up ward and backward, so as to put the great pectoral
muscle on the stretch, and a bevelled incision should be made, first on one
side and then on the other, around the base of the gland, in a direction
towar d the axilla. The entire gland, including the nipple, should always
be extirpated, to avoid as far as possible a recurrence of the morbid state,
and if the axillary glands are involved, as they generally are in cancer,
the incision can be extended so as to expose them. They will be found
surrounding the deep vessels (Plate 45), and often adherent to the axill ary
vein and its tributaries, so that their removal is very difficult and hazard-
ous, whereas the excision of the gland alone is comparatively a simple and
easy task. Upon complete removal of the gland, its base will be found to
conform with the sligh t bulge of the subjacent pectoralis major muscle,
which with its sheath of deep fascia will be seen usually un touched at the
bottom of the wound.
The deep fascia of the anterior surface of the thorax is exposed after
removal of the double layer of the superficial fascia and the contained
mammary gland. It serves as a thin aponeurotic sheath for th e gr eat
pectoral muscle, into which it sends prolongations between its component
fasciculi . This fascia is attached to the front of the sternum and to the
clavicle. It is very delicate over the upp er part of the pectoralis major;
bu t, as it is reflected from the outer border of that muscle across the
axilla ry space to the latissimus dorsi muscle, it becomes considerably
th icker. It is continued under th e latter muscle to the spinous processes
of the dorsal vertebrre. Below the deep thoracic fascia is quite strong and
blends with the sheaths of the recti muscles.
The p ectoralis maj or muscle (Plate 16, and Plate 44, F ig. 1) is the large,
triangular, fleshy mass situated at the side of the chest, consisting of two
special portions, the fibres of which converge toward the shoulder . The
clauicu lar portion. arises chiefly by fleshy fibres from the front of the inner
half of the clavicle and the capsule of the sterno-clavicular joint, and
extends obliquely outward, when the arm is at the side of the body, to
the insertion of the deltoid muscle, with which it blends on the surface
of the shaft of the hum erus, and also gives off an expansion to the
brachial fascia. In relation to the deltoid muscle above, the clavicular
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portion is separated only by a furrow which lodges the cephalic vein and
the humero-thoracic artery. 'Vhen this furrow is marked, the coracoid
process can be felt through it and may be a useful landmark (page
330). The sternal portion is peculiar in the manner both of origin
and inserti on of its fibres, which ar e arranged in two layers which
are often quit e distinct from each other, being separated by a cellular
interval. The superfi cial layer arises by tendinous fibres from the front
of the stern um interlacing with those from the opposite muscle, and
usually by a slip from the sheath of the rectus abdominis muscle. The
deeper layer arises by fleshy fibres from the cartilages of the five or six
upper tru e ribs, the slip from the first costal cartilage being sometimes
absent. The fibres of these two layers are directed in a rad iatin g manner
toward their insertion, being disposed in such a manner that the fibres of
the deeper layer pass obliquely upward under the fibres of the superficial
layer, so that their relative positions are reversed, the lower becoming the
upp~r, as they terminate in a flat tendon at the outer margin of the bicipital
gr oove under the inserti on of the clavicular portion. The attachment of
the sternal portion gives off a delicate expansion which covers the bicipital
groove and is connected with the capsular ligament of the shoulder-joint.
The twist in the sternal portion produces the anterior rounded border of
the axilla, and covers- the axillary vessels and nerves at the upper part
of that space.
The pectoralis major muscle is remarkable for its tendency to separate
into radi al lamellre, commonly offerin g accessory slips .which pass to the
humerus or the brachial fascia. I ts funct ion is chiefly to draw the arm
forward and rotate it inward upon the chest. When the arm is raised it
can draw it downward, or, if the fixed poin t is above, the muscle can assist
in raising the tru nk, and also serve as an auxiliary muscle of inspiration.
The arteries to th is muscle come from the long and short thoracic branches
of the axillary arte ry . The nerves are derived from the anterior thoracic
branches of the subjacent brachial plexus. The cleft between th e clavic-
ular and sternal portions of the pectoralis major muscle, when the arm is
extended outward, is often clearly indicated by a depression in the kin,
and, as it corresponds to the course of the commencement of the axillary
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artery, that vessel may be sought for here and a ligature applied with
considerable ease (page 343) .
The pectoralis major muscle must be removed in order to expose the
pectoralis minor and subclavius muscles. The former will be found sepa-
rated from the stern al portion of the pectoralis major by a quantity of loose
cellular tissue, and the latter beneath the clavicular portion, enclosed in the
strong costo-coracoid membrane. The p ectoralis minor muscle (P late 44,
Fig. 2) is a triangular fleshy . mass composed of fibres which arise by
flattened tendinous slips from the sternal ends of the third, fourth, and
fifth ribs, and from the aponeurotic expansion over the subjacent inter-
costal muscles. Besides these th ere are often accessory slips of origin, either
above or below. I t ascends to be insert ed by a narrow, flat tendon into the
upper and inner edge of the coracoid process of the scapula, and gives a
fibrous extension to the coracoid attachments of the coraco-brachialis and
biceps muscles. 'I'he insertion of the pectoralis minor passes across the
middle of the axillary vessels and nerves (page 339) . Between the pecto-
ralis minor and major muscles there are branches of the thoracico-acromial
artery and the anterior internal thoracic nerve. The long thoracic ar tery
runs along the axillary border of the pectoralis minor. The function of
thi s muscle is to depress the shoulder, by drawing the scapula forward and
downward .
The costo-coracoid membrane consists of several leaflets of fascia of
varying density, extending from the cartilage of the first rib to the coracoid
process. Above it is attached to the outer and inner edges of the sub-
clavian imp ression on the under surface of the clavicle, and thus com-
pletely encloses the subclavius muscle. The outward and more superficial
expansion is thin, and splits so as to pass over and und er the coracoid
attachment of the pectoralis minor muscle, to be continued with the axil-
lary fascia, formin g the anterior p art of the sheath of the ax illary vessels.
This leaflet is pierced by the cephalic vein, the thoracico-acromial artery
and vein, the anterior th oracic nerves, and the superior thoracic artery .
The deeper portion of this membrane is called the costo-coracoid ligament,
because of its strong fibrous character. It arches over the axillary vessels
and nerves as they pass over th e first rib.
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The subclavius muscle is a round mass of fibres which arises by a strong
tendon from the junction of the first rib and its cartilage, and is inserted
into the subclavian impression of the clavicle as far as the coraco-clavicular
ligament. It receives filaments from the lower cervical nerves, and its
function is to fix and depress the clavicle.
When th e above muscles are completely removed from the anterior
surface of the thorax there is a strong glistening aponeurotic layer of
fascia spread over the intercostal spaces, which serves to bind down the
fibres of the intercostal muscles and to afford additional protection to the
spaces. The intercostal muscles consist of two separate lay ers, external
and internal, the short fleshy fibres of which cross one another. There
are eleven pairs of each set of intercostal muscles, and they are arra nged
peculiarly as th ey approach the vertebral and sternal ends of the ribs.
The external in tercostal mueclee commence at the tubercles of the ribs,
pass obliqu ely from the outer border of the rib above to the top of the
rib below, throughout th e series, and extend as far forward as the costal
cartilages, where the muscular fibres disappear and are replaced by strong,
oblique, tendinous fibres, which constitute a membranous expansion, to
the border of the sternum. The internal in iercostal muscles commence
at the sternum and pass obliquely in the opposite direction to the external
muscles from the inner edge of the groove above and from the costal car-
tilage to the upper border of the rib below, as far backward as the angles
of the ribs, where they are reinforced by additional fibres, the subcostal
muscles, which extend upward and downward, passing over one or two
ribs between their attachments. The direction of the fibres of the external
intercostals corresponds to the external oblique muscle of the abdomen, and
that of the internal intercostals is similar to the internal oblique. The in-
ternal intercostals are thicker and their muscular fibres more pronounced
anteriorly (P late 40) than they are posteriorly. The in tercostal muscles
are exercised chiefly in the movements of the ribs in ordinary breathing.
' Vhen the first and econd ribs are fixed by the scalene muscles the action
of the external intercostals raises the anterior par t of the ribs and everts
their lower borders, thu s enlarging the thoracic cavity , as in inspira-
tion. The special action of the internal intercostals is not definitely
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understood, bu t they probably depress the ribs, as in expiration. In the
spaces between the costal cartilages th e two sets of fibres, it is supposed,
assist each other in inspira tion. The internal surface of the intercostal
spaces is covered with a thin adherent fascial expansion similar to that
upon the outer side of th e chest wall. It is closely connected with the
outer layer of the pleura .
Within the thorax, on the und er surface of the sternum and cartilages
of the lower true ribs, th ere is a th in, flat muscle, of variable development,
called the triangularis sterni. It arises from th e ensiform cartilage and
the sides of the lower part of the gladiolus and the adjacent cartilages,
and ascends obliquely outward, to be inserted , by fleshy slips, into th e carti-
lages of the lower true ribs, generally from the sixth to the third. The
fibres of the lowest slip pass transversely outward, and are in reality con-
tinuous with the anterior portion of the transversalis abdominis muscle.
T he action of the triangularis stern i muscle is to depress the costal carti-
lages in expiration. I ts nerves are derived from th e intercostal nerves, and
its arteries are branches of the in ternal mammary on both sides, which are
situated between it and the costal car tilages.
The internal mmnmm'y arte1'y on either side is given off from the
first port ion of the subclavian artery, opposite the origin of the thyroid axis
at the inner border of the scalenus anticus muscle, and descends into
the thorax behin d the clavicle and the first rib , in close relation to the
phrenic nerve, which passes over it from without inward to descend behind
the artery (P lates 39 and 40) between the pleura and the pericardium.
The internal mammary artery with a vein on each side of it ru ns parallel
with the border of the stern um, and twelve millimetres, or about half an
inch, from it (Pl ate 41, F igs. 1 and 2), on the surface of the pleura, until it
reaches the fifth or sixth intercartilaginous space, where it passes between
the cartilages and the triangularis stern i muscle. This ar tery can be
easily ligated within the second intercostal space through an incision
directly over its course. I n relation to the seventh costal car tilage it
divides into its terminal branches, the musculo-phrenic, which supplies
twigs to the diaphragm and the lower in tercostal muscles, and the superior
epigastric, which enters th e abdominal wall between th e sheath of the rectus
33
PLATE 37.
Th e posterior mediastinum, exposed on the right side by removing the ribs near their an Illes and drawing forwar d
the heart and lungs, to demonstrate the en trance of the vena azygos maj or Into th e superior vena cava, an d the dlstrtbu-
t lon of the right pneumogastrle and phrenic nerves.
1. The right occipital arte ry.
2. Section of the sterno-mastoid muscle.
3. The cu t brachi al plexus of nerves.
4. Secti on of th e first rib .
5. Section of th e second rib.
6. Section of th e third rib .
i . Th e chain of ganglia of the sy mpa thet lc nerve.
8. The thoracic duct . crossing beh ind the eesophagus and
aorta to th e left side.
9. The Intercostal ve cis and nerve In relation to the
seventh rib.
10. The seventh rib.
11. The thorac ic du ct.
12. Th e vert ebral column, covered with the tho racic fas-
cia .
13. The greater splanchnic nerv e.
14. Th e descending thorac ic aorta.
15. Th e lesser splanchnic nerve.
16. Section of th e eleventh rib .
17. The hepati c arch of th e diaphragm.
18. Th e lingnal artery.
19. Th e deseending thyroid arte ry, and superior laryngeal
nerve.
20. The notch In the thyroid carti lage.
21. The common carotid artery.
22. The thyroid axis.
23. The cricoid cartilage.
24. The right subclavian arte ry.
25. The first Intercostal artery.
26. The tra ch ea.
27. The oesophagus .
28. The innomina te artery.
29. The right phrenic nerve.
30. Th e ven a azygos major vein , ent crlng Into th c superior
vena cava.
31. Th e heart, within the pericardium , d rawn forwar d.
32 Th e oesophageal plexus of nerves, from the pn eurno-
gastric nerve.
33. Th e right auricle of the heart, within th e pericardium .
34. Th e right lun g, drawn outward.
35. Th e Inferior vena cava, emptying Into the right auricle
of the heart.
36. The thoracic duet, coming thr ough th e aortic opening
In th e diaphragm.
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abdominis muscle and the extra-peritoneal fascia and anastomoses with
the deep epigastric. In its course it distributes a branch which accom-
panies the phrenic nerve, the arteria comes nervi phrendci, branches to the
structures within the anterior mediastinum, branches which pass to the
five or six upper intercostal spaces and inosculate with the aortic inter-
costal arteries, and perforating arteries which pass through the in tercostal
spaces and supply the pectoralis major muscle, the mammary gland (page
250), and the skin over the chest. At the first rib there is a lateral infra-
costal branch from the internal mammary, which in intra-thoracic growths
sometimes becomes greatly enlarged. The two internal mammary veins are
. usually of unequal size, and are provided with a number of valves. Behind
the first intercostal muscle the veins unite and empty on the left side in to
the innominate vein, and on the right, generally, into the superior vena
cava. In close proximity to the internal mammary vessels there are from
six to eight lymplLatic glands, which receive the lymphatic vessels from the
upp er part of the rectus abdominis muscle, the diaphragm, the intercostal
spaces, and the inner portion of the mammary gland (page 251). They
empty into the right lymphatic duct and left thoracic duct respectively.
If the stern um and costal cartilages are carefully removed, the anterior
wall of the thorax will ~e opened so as to display the prolongation of the
deep cervical fascia downward and the anterior surfaces of the right and
left pleural sacs. In the middle line there is a tubular expansion of fascia
extending between the pleurse all the way from the neck to the ensiform
cartilage of the sternum, and on each side the fascia becomes thi ckened
_and is attached to the pericardium, forming the eterno-pericardial ligaments.
The sub-sternal tubular sheath can generally be demonstrated by inflation
with a blow-pipe, and may allow pus to travel from the root of th e neck and
point below the ensiform cartilage in -the upper part of the abdominal wall.
Upon slitting up this layer of fascia the subdivision of the in terpleural
space, called the anterior mediastinum, is exposed (P late 26, Fig. 1). This
is a shallo~v space included between the anterior portions of the pleurre,
the pericardium, and the sub-stern al fascia just described, especially that
portion of it which corresponds to the gladiolus. Its direction is usually not
vertical, as it inclines to the left side because of the position of the-heart,
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over the root of which, opposite the origin of the great vessels, it is also
narrowest, owing to the approximation of the pleurre. As the left pleura
recedes from th e middle line, this space is wider below than it is above.
Within the anterior mediastinum th ere are the sub-sternal lymphatic
glands, embedded in a variable amount of fatty tissue, and on the left
side the intern al mammary vessels for a part of their course (P late 41).
The space does not properly enclose the attachments of the triangularis
stern i, sterno-hyoid, and sterno-thyroid muscles, as they are covered by
reflections of the endothoracic fascia continuous with the deep cervical
fascia. The so-called superior mediastinum is that portion of the inter-
pleural space which extends from th e manubrium in front to the upper
dorsal vertebrre behind and above the pericardium. I t contains, besides
the great vessels and contiguous portions of the trachea and oesophag us,
the thymus gland in the infan t or its . remains in the adult. It is not
truly separated from th e anterior mediastinum except when the expan-
sion of the lungs in full inspiration brings their pleural envelopes into
contact.
The thym us gland is a soft, grayish-red-colored, lobulated body, of
variable size and shape, situated behind the manu brium stern i and over-
lapping the great vessels of the heart covered with the pericardium (P late
26, Fig. 3, N o. 6). At birth it is five centimetres, or about two inches, in
length, wider below than above, and, it continues to grow until the end of
the second year, often ascending into the root of the neck, and sometimes
reaching the lower border of the thyroid body. From the second year to
the sixth it does not und ergo much change, bu t after the latter age it
gradually at rophies, and at puberty there is very little trace of its original
glandular structure left, a fat ty mass takin g its place and rarely projecting
above the stern um. I t bears much resemblance to the racemose glands, but
its function is unknown. It seems to be th e great function al lymphatic
gland of early life, each lobe consisting of lobules composed of clusters
of lymph-follicles surrounded with vascular connective tissue and numerous
lymph-cells. The 'branches from the internal mammary arteries furnish
it with most of its blood.
The pleurae (Plate 26, Fig. 1, Nos. 6 and 16) are the serous mem-
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branes sur rounding the lungs, and are so arranged as to form two distinct .
completely closed sacs, each having a parietal layer, or pleura costalis,
which is in contact with the thoracic wall, and a visceral layer, or pleura
pulmonis, which is reflected over the contain ed lung. The enclosed space
between the two layers of each pleura is called the cavity of the pleura, the
surfaces of which are smooth and moist, but it is not ordinarily of appre-
ciable dimensions. It is now regarded as a large lymph-space, like that
of the peritoneum, and communicates by stomata with the surrounding sub-
pleural lymphatic vessels. During life, when healthy, the two layers glide
freely upon each other, and thereby facilitate th e movements of the lun gs.
The costal pleura is the thickest , and is connected especially to the inner
surfaces of the r ibs by a well-marked connective tissue, which allows of its
being easily detached. The pulmonary pleura is very delicate and trans-
parent, and is also attached to the lung tissue by elastic connective tissue,
which serves as a nidus for a. plexus of capillaries from the bronchial
arteries, and a plexus of lymphatic vessels which communica te with the
lymph-spaces in the ar eolar tissue of the lobules of the lung. Infla.mma-
tion of the pleura may produce a thicken ing and roughening of its lateral
surfaces, so that in the expansion of the lung a friction. sound is produced.
'Ehis is peculiarly modified if the inflammation results in a distention of the
pleural sac by serum (hydrothorax) , or by pus (empyema) , or by air (pneu-
mothorax) . When the cavity of the pleura requires tapping (paracentesis
thoracis) to evacuate it of an accumulation of fluid, the sixth or seventh
intercostal space, midway between the stern um and the spine, is generally
selected, and the trocar should always be introduced at the middle of the
space, during inspiration, to avoid the intercostal vessels and nerves. On
the right side the fifth intercostal space should be selected, in order to
avoid the diaphragm (Plate 27) . The righ t and left pleural . caviti es are
distinct, and their respective membranes are reflected posteriorly from the
roots of each lung, in connection with a fold of the prevertebral fascia, to
the diaphragm below, having a free curved edge between the diaphragm
and the lung. This is called the ligarnentu?1~ pulmonale. As the apices of
the lungs exte nd upward into the root of the neck behin d the attachments
of the scalente ant ici muscles on the first r ibs, their pleurre naturally are
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similarly expanded. On the right side the pleura usually reaches a little
higher than on the left. In this position it bears an importan t relation
to the subclavian ar tery in its first portion. At the root of the neck th e
endothoracic fascia is . expanded somewhat in the shape of a dome, to
which the deep cervi cal fascia is usually attached. Sometimes there is a
prolongation of this fascia, which brings the dome into relation with the
transverse process of the seventh or sixth cervical vertebra, and a few
muscular fibres have been found in it, probably segmented from the sca-
lenus posticus muscle. The parietal layer of the pleura over the apex of
each lung is intimately connected with this dome-like expansion of the
fascia. The presence of thi s extra-pleural fascia at the root of the neck,
with its possible modifications consequent upon any inflammatory infiltra-
tion, is worthy of th e consideration of the physician, who may be confused
by the adventitious sounds produced by it upon auscultation, in the same
manner as the surgeon finds it often difficult .to distinguish between true
and false crepitus in inj uries about the joints. The extent and limitation
of th e reflections of the pleurre upon the inner wall of the thorax are
very difficult .to understand without actual demonstration. Below they
practically follow the attachments of the diaphragm, which, except about
its margin and at its central tendon, is covered by the pleune, In front
the right pleura holds a position more nearly the middle lin e, being oppo-
site the junction of the seventh rib and its cartilage, while the left is placed
at a var iable distance away from it and a little lower, in consequence of the
interposition of the heart. P osteriorly both pl eurra descend as far as the
head of the -Iast rib, and laterally the righ t pleura is in relation to the
lower border of the ninth rib, and the left pleura to the lower border of
the tenth rib . In consequence of this disposition of the pleurre over the
diaphragm it often happens that a pistol-ball which has penetrated the
thoracic wall will roll down over the diaphragm to th e lowest part of
the back of the pleural cavity.
The pulmonary lay ers of the pleura upon each side are not coex-
tensive with the costal layers, except during forced inspiration. Therefore
there are portions of the folds of the pleur re where their surfaces ordi-
narily are in contact. These are called the pleural sinuses, and they
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are found along the costal origins of the diaphragm, between the peri-
card ium and the stern um, and between the pericardium and the dia-
phragm (P late 26, Fig. 1, No.8). Upon the anterior margins of the
lust two sinuses th ere are folds which blend with the tissue of th e peri-
cardium, and through which the phrenic nerves on th eir way to the
diaphragm can be seen in front of the roots of the lun gs. If a trans-
verse section of the thorax is made, it will be noticed that the pleurre do
not come into contact, and that there is a distinct space between the m
extending from before backward (Plate 41, Fig. 2). This is called the
inierpleural space, and is subdivided into the anterior, middle, and pos-
terior mediastina. Of th ese th e middle is the largest compartm ent, and
contains the heart within the pericardium, the vessels which pass to and
from the base of the hear t, the phrenic nerves, and the bifurcat ion of the
trachea and the bronchial lymphatic glands. The anterior mediastinum is
in front of the pericardium, and, as it is first exposed upon opening the
thorax anteriorly, it has already been described (page 259), as being in
the natural order of approaching the study of this region. T he posterior
mediastinum: is behind the pericardium, between it and the dorsal vertebrre,
from the fourth to the twelfth, and contains the descending thoracic aorta,
the eesophagus, the pneumogastric nerves, the vense azygos major and
minor, the thoracic duct, and lymphatic glands (P late 38).
The lungs are two large spongy organs within the pleurre, occupying
during life the whole of the cavity of the thorax on each side of the
mediastinum; and separated from each other by the heart enclosed in the
pericardium. They vary even in health from a pale-pinkish color to a
mottled gray, depending upon their vasculari ty and inflation. W ith age
they generally become darker and spots are visible upon their surface,
'probably due to the deposition of particles of carbonaceous matter which
have been inhaled. A fter death they usually appear of a dark-purple
hue, especially at th e back, in consequence of venous stagnation. ' Vhen
the lungs are fully distended, as in forced inspiration (P late 30), they will
be seen to conform to the shape and limitation of their respective pleura.
E ach lung has a rounded ap ex, which extends into the root of the neck
(Plate 27) two and a half centimetres, or about an inch, within the pleural
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domes (page 262), and a concave base, which conforms to the arch of the
diaphragm upon which it rests. They fit into the pleural sinuses when
fully expanded, and reach downward posteriorly as far as the eleventh rib
on each side,- the right lung in the axillary line being in relation to the
ninth rib, and the left lung to the tenth rib.
The right lung is thicker and shorter than the left, the concavity of
its base being also higher, as it corresponds to the arch of the diaphragm
over the liver. It is often notched on its mediastinal surface, presenting
depressions f01 the superior and inferior vente cavre. The left lung is
excavated on its mediastinal surface for the reception of the heart, and
its apex has an impression for the left subclavian artery . The apex of
the left lung does not mount quite so high above the clavicle as does that
of the right. The anterior edges of both lungs present characteristic differ-
ences. That of the right lung is nearly straigh t or vertical, and tha t of
the left is oval or oblique. The extent to which they approach each
other depends upon the degree of their expansion. In forced inspiration,
when the lungs are absolutely healthy, the anterior edges of the lungs
meet over the root of the heart and the origin of the great vessels
within the pericardium (Plate 30) . The surfaces of the pleurre are
thu s brought into contact to the extent of several inches, between the
lower border of the manubrium sterni and the junction of the cartilages
of the fourth ribs with the sternum. At such times the anterior edge of
the right lung is absolutely vertical and parallel with the median line of
the chest, and the area of the heart which is uncovered by the left lung
is limited to the lower third of the right ventricle. In ordinary tranquil
breathing the anterior edges of the lungs do not come together (Plates 31
and 32) . In a state of collapse both lungs shrink back into their recesses
within the thoracic cavity (Plate 33).
From careful observations made upon both the living and the dead
body at different ages, it would seem to the author that only when health y
do th e lungs meet in front over the root of the heart upon a prolonged
and full inspiration. There is generally some interspace between them in
the anterior mediastinum. The right lung comes forward more readily
than does the left, even in moderate inspiration, so that the anterior edge
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of the righ t lung approaches more nearly the middle line. The lower
port ion of the righ t lun g also expa nds more readily below in relat ion to
th e diaphragm than does the lower porti on of the left lung, whereas the
converse appears to be true with regar d to their apices. Not only does the
left lung not come forward so readily, but its lower portion does so only
upon prolonged inspiration, and thereby reaches the anterior limit of its
pleural sac. When both lungs are normal and fully inflated in the well-
developed adult male, in the erect position, the lower front edge of the
right lung corresponds approximately to the obliqu e line of the interspace
between th e cartilages of the sixth and seventh ribs (P late 27), while the
lower front edge of the left lung is in relation to the lower border of
the seventh rib, and exten ds bu t a little way beyond the sternal end of
that rib (P late 30) . These limit ations will be lessened by the breadth
of a rib if th e individual be placed in the recumbent position, and in
the female or poorly-nourished youth they may be lessened still more,
so that th e anterior lower edges of the right and left lungs may reach
respectively the lower borders of the fifth and sixth ribs, corresponding
to the heigh t which the arches of the diaphragm normally reach and
hold relatively (page 322) to each other. It should be therefore under-
stood that in respiration the upp er portions and posterior surfaces of the
lungs are at all times in close contigui ty with their pleural sacs, and tha t
the anterior medial and lower edges retire and advance accord ing to the
effort of expiration or inspiration and the healthy condition of the pleurre
which allows their natural freedom of motion. It is very doubtful if the
anterior lower edges of th e lungs ever do completely fill their proper
portions of the pleural cavities, and an adh esion existing anywhere' be-
tween the lun g and its sac will influence the degree of motion of the lung.
In forced expiration the lower edges of the lungs posteriorly do not ascend
higher than the lower borders of the seventh ribs. A transverse section
made across the root of the neck from the first dorsal vertebra to the top
of the stern um (Plate 14, Fig. 1) will show that the apex of the right
lung is larger than that of the left, and that they are both in this locality
of oval form. A transverse section across the thorax from the eighth
dorsal vertebra to the lower borders of the third ribs (Pl ate 41, Fig. 2)
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PLATE 38.
Th e posterior mediastinum and Its cont ents, as seen on removal of th e dorsal vertebrre (from the seeond to the
nin th) with port ions of th eir contiguous rib s. Th e lungs are expanded so as to show their proper relati ons posteri orly .
1. Th e bod)' of th e first dorsal vertebra.
2. The th oracic duct, winding across th e cesophngus to
enter th e superior medi astinum.
3. Th e upper portion of th e left lung.
4. Th e descending port ion of th e a rch of th e aorta, over-
lapped above by the left lung.
5. Th e vena azygos major, crossing to th e right of th e
eesophagus.
6. The eesophagus, distended.
7. Th e vena azygos min or.
8. Th e thoracic aorta.
9. Th e th oraci c duct, a fter Its entra nce into the thorax
from th e aortic opening.
10. Th e up per surface of the left arch of th e diaphragm.
11. Th e spine of the n inth dorsal vertebra.
12. Th e upper portion of the right lu ng.
13. The vena azygos maj or en teri ng th e superior vena cava.
14. The left au ricle of th e heart.
15. The lower port ion of the tight lung,
16. The base of the left ventricle of th e heart,
17. 'f he In ferior vena cava.
18. Th e upper surface of the right arc h of th e diaphrag m.
Pla"te38 V OL I
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shows that both ' lungs are here somewhat palm-shaped, with their bases
toward the spine and their narrower portions toward the sternum.
E ach lun g is divid ed into an uppe1' and a lower lobe by a great fissure
which commences behind about seven and one-half centimetres, or three
inches, from the apex, opposite the fourth dorsal ver tebra on the righ t and
th e third on the left, and descends obliquely forward to the junction of the
seventh rib with its cartilage on the right, and opposite the sternal end of
the sixth rib on the left. There are, however, many alterations in the
relative positions of the fissures, and their terminations cannot be foretold.
There is generally a deep notch in the anterior edge of the left lung over
the pericardium where it is in relation to th e apex of the heart (Plate 30,
No. 42), and occasionally the right lung is similarly notched about the
cartilage of the fourth rib (P late 29). The right ' lung is subdivided by
a secondary fissure which commences about opposite th e sixth rib, near its
angle, and extends usually to the cartilage of the fourth rib and thus
marks off a middle lobe. The lower primary lobes 'of both lungs are th e
largest, and th ey chiefly constitute the posterior portions, whereas the
anterior portions are mainly formed by the upper lobes, Occasionally
the left lobe has a semblance of a secondary fissure, and occasionally
also the secondary fissure in the right lung is undeveloped.
The convex outer surfaces of the lungs are free and moulded to the
interior of the thoracic walls, and the concave inner or mediastinal
surfaces are connected to the heart and the trachea by the bronchial
tubes, with th eir vessels, nerves, and lymphatics, and by the pulmonary
ar teries and the pulm onary veins. These structures collectively form the
roots of the lungs, and are held together by areolar tissue, and supported
below by reflections of the pleurre, called the ligamenta lata pulmonalia.
The roots of the h,ll1gs are at tached to the bottom of a deep cleft, the hi lum
pulmonale, which is situated a little nearer the posterior than the anterior
surfaces and above the middle of each lung. If th e thorax be opened
from behind by removing the dorsal vertebrre and cont iguous portions of
thei r ribs (P late 39), it will be seen that the vena azygos major arches over
the root of the righ t lung and the aorta over the root of the left lung.
Behind the right root are th e posterior pulmonary plexus of the pneumo-
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gastric nerve and the vena azygos (Plate 37), and behind the left are the
descending aorta and the posterior pulmonary plexus of the pneumogas-
tric nerve (Plate 36) . In front of each root are the anterior pulmonary
branch of the pn eumogastri c and the phrenic nerve. In front of the
root of the right lung is also the superior vena cava (P late 33) .
The trachea at the root of the neck, as previously described (page 236),
passes deeply from the outer surface in front of the <esophag us to its
bifurcation into the right and left bronchi within the superior mediastinu m.
• The bifurcation is about on a level with the body of the fourth dorsal
vertebra posteriorly, and opposite the second intercostal space anteriorly .
"'Vithin the chest the trachea is crossed by the arch of the aorta, the deep
cardiac nerves passing between them . The <esophagus projects a little
to the left of the midd le line at the root of the neck, and is closely con-
nected by areolar tissue to the trachea, which is placed between the upper
portions of the two pleur re. The recurrent laryngeal nerves from the
pneumogastric nerves ascend on each side of the - neck in the grooves
between the trachea and the <esophagus (Plate 39) .
T he bronchi vary in length, direction, and diameter. The 1'igld
bronchus is about two and a half centimetres, or an inch, in length, and,
passing nearly horizontally, enters the right lung about opposite th e body
of the fifth dorsal vertebra. Its diameter is grea ter than that of the left
bronchus, and , as the ridge of separation between the two bronchi at the
bottom of the tracheal tube inclines to the left of the middle line, foreign
bodies which may chance to fall down the trachea are more likely to pass
into the right bronchus. The left bronchus is about five centimetres, or two
inches, in length, and descends obliquely to enter the left lung opposite the
sixth dorsal vertebra. The left bronchus passes in front of the <Esophagus
and thoracic duct and un der the arch of the aorta (Plate 38). In struct-
ure the bronchi resemble the trachea (page 236), the right having from six
to eight rings and the left from nine to twelve. At the roots of the lungs
the bronchi subdiv ide into two branches, the bronchial tubes, corresponding
to the primary lobes of the lungs. The lower branch of the right bronchus
sends off a small branch to the third lobe on th at side. The right bronchus
at the root of the right lu ng is behind the right pulmonary artery, and
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the left bronchus also holds the same relative position, being behind the
corresponding pulmonary artery. On both sides the pulmonary veins
are in front of the arteries (Plate 41, Fig. 1) . W ithin the lungs the
bronchial tubes divide dichotomously into posterior and anterior branche,
which again subdivide into lateral branches, and these diverge in all direc-
tions throughout the organs until the ir termination in the lobules, where
they are known as bronchioles. There is no communication between the
bronchioles, so that if any obstruction occurs in one branch the air cannot
reach the vesicles to which it naturally leads.
The pulmonary and bronchial vessels, the lymphatics and nerves, all
accompany the ramifications of the bronchial tubes, and are united to them
by connective tissue, the arteries always being behind and the veins in
front of the tubes. Within the structure of the lungs the tubes cease to
have regular cartilaginous rings, circular muscular fibres with patches of
cartilage here and there constituting the walls of the branches. They are
lined throughout with the mucous membrane continued from the trachea,
which is covered with columnar ciliated epithelium. Gradually all traces
of cartilage disappear and the walls present irregular dilatations, which
commence in pouches surrounding the ultimate tubules. These enlarge
in diameter and end as sacculated passages, the infund'ibula, whose walls
consist of blind pouches, the alveoli or air-oeeiclee. They are surrounded
and connected everywhere with an elastic ti-ssue, in which there are only
slight traces of muscular tissue, and which is derived from the peculiar
elastic sub-serous tissue closely investing the surfaces of the lungs beneath
the pleura. Upon this elastic tissue the remarkable expansibility of the
lun gs depends. When the chest is opened the lungs collapse to about a
third of th eir ordinary bulk (Plate 33), in consequence of their elasticity.
This elastic tissue is prolonged from the surfaces into the inner structure of
the organs, forming numerous angular spaces of various sizes about the
al veoli, and called the pul1nonary lobules. When the lungs are distended,
th e surface is everywhere marked by polygonal areas, which vary in size at
different ages. These areas are mapped out into smaller ones, which are
less distinct. They indicate the lobules, which are larger on the surface
than in the interior of the lung . After air has once entered into the
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lobules it cannot be entirely pressed out, owing to their spongy texture,
and any portion of the lung will therefore float on water, but it will sink
immediately if inspiration has not taken place, and owing to this property
such a demonstration is frequ ently made use of as a test in medico-legal
investigations. It should be remembered that a portion of lun g-tissue from
which the air has been dispelled by pneumonic exudation will also sink
in water. "Vhen pressed between the fingers, the escape of air from the
lung-tissue produces crepitation. W hen the air-vesicles are ru ptured, the
air escapes into the interlobular tissue, producing p ulmonars) ernphyserna,
and if there is infiltration of serum into this tissue it is called oedema of
the lung. If the lung-tissue is torn, a reddish frothy liquid is exuded,
consisting of mucus, air, and blood commingled.
The terminal branches of the pulmonary artery form nets of capill ary
vessels which accompany the bronchioles in th eir distribution to the alveoli,
where they are covered by epithelium on both surfaces and project into
the air-vesicles. The pulrnonary capillarie« are very crowded in relation
to the air-vesicles, and the plexus surrounding one air-vesicle is arranged
in a single layer and has no communication with that of another vesicle.
There ar e only the delicate wall of the vesicle and the walls of the capil-
lary vessels between the blood and the air, so that the purification of the
blood takes place through the absorption of the oxygen an~ the elimination
of carbonic acid and watery vapors. The blood circulating through the cap-
illary plexuses is returned by the pulmonars) veins, which are very minute
at first, but gradually coalesce so that they form branches of increasing
calibre and size, which freely anastomose, and, following somewhat the
course of the arteries, eventu ally terminate at the root of each lung in two
main trunks which convey the oxygenated blood to the left auricle of the
heart. There are no valves in any of the pulmonary veins. Besides the
pulmonary system of vessels there are the nutrient vessels of the lungs , de-
rived from the small bronchial arteries. On the right side there is usuall y
one bronchial artery, which arises either from the first aortic intercostal or
from the aorta in common with the left bronchial artery. On the left side
there are usually two bronchial arte ries, both arising from the aorta. Th ey
enter at the roots of the lungs posterior to the bronchi, and are distr ibuted
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to the walls of the tubules, the larger pulmonary vessels and the pulmonary
lymphatic . glands, and the inflections of the elastic in terlobular tissue.
The bronchial veins mostly empty on the right side in to the vena
azygos major, and on the left into the superior intercostal vein, although
some of them empty th eir blood in to the corresponding pulmonary veins.
The pulmonary lymphatic vessels are very num erous, and are arranged
in superficial and deep sets, the former forming plexuses over the surface
(sub-pleural lymphatics) and throughout the interlobular tissue, communi-
cating with the cavity of the pleura by stomata, and the latter beginning
in the mucous lining of the bronchial tubes and accompanying the vessels.
The deep lymphatic vessels terminate in the pulmonary lymplwtic glands,
which are situated along the walls of the smaller bronchial tubes and in
the angles of their divisions. There are about forty in th e r ight lung and
thirty in the left. The efferent vessels from these pulmonary glands join
with the superficial lymphatic vessels and end in th e bronchial glands which
are clustered about the roots of the lun gs and the lower portion of the
bronchi and trachea. The efferent vessels from the bronchial glands com-
municate with the mediastinal glands, and are generally blackened by the
deposition of carbonaceous matter . The righ t pulmonary lym phatics pass
through the intermediatiou of the mediastinal glands to the righ t lymphatic
duct, 'and the left pulmonary lymphatics join the thoracic duct.
The pulmonaj·y nerves are derived from the pneumogastric and sympa-
thetic nerves on each side, which form the anterior and posterior pulmo-
naryplexuses in front of. and behind the roots of the lungs. They enter
th e lungs with the bronchial tubes and accompany their ramifications.
The pericardium, or heart-sac (Plate 34, and Plate 26, Fig. 1), is a
dense fibrous pouch which encloses the heart and the portions of the
great vessels which enter in to and issue from its base. It is broadest
below in relation to the diaphragm (page 320), where it is intimately
adherent to the middle leaflet of the tendon about the opening for the
inferior vena cava and more loosely connected to the muscular part on the
left side. Above it passes in to the super ior mediastinum, enveloping the
great vessels and becoming continuous with their sheaths. In this relation
.it also blends with the downward prolongations of the deep cervical fascia
PLATE 39.
View of the thoracic organ s from behind, th e dorsal vertebrre (from the second to the tenth) with portio ns of th eir
conttguous ribs removed. The lungs are displaced to sho w the relations of the heart.
1. The body of th e first dorsal vertebra.
2. The left subc lavian artery.
3. The upper (cu t) part of th e th oracic duct ascendin g to
empty Into the left subc lavian vein.
4. The left common carotid a rte ry.
5. Th e left recurren t laryngeal nerve.
6. Th e left Inno mi na te vein.
7. Th e arch of th e ao rta.
8. Th e left phrenic nerve.
9. Th e left lun g pu sh ed aside and forward to sho w th e po-
sitio n of ap ex of the heart resti ng on the diaphra gm .
10. Th e th oracic aorta, with origi ns of the In tercostal a r-
te ries.
11. The apex of th e left vent ri cle of the heart within th e
per icardium.
12. Th e ven a azygos mi nor.
13. Th e low er tcut) end of th e th oracic duct coming through
the aortic opening of the diaphragm.
14. The upper surface of the dlaphragm on the left side.
15. Th e innom inate a rtery, bi fur ca ting Into the right com-
mon ca rotid and sub clav ian arteries.
16. Th e right internal mamm al)' a rtery.
17. Th e vena cava superio r.
18. The upper (cut) end of the oesophagus.
19. The right pn eumogastri c nerv e.
20. The right phrenic nerv e.
21. The vena azygos maj or , emptying into th e superior
ven a ca va.
22. Th e bi furcatio n of th e trachea Into the rig ht and left
bronchi.
23. Th e right lung push ed aside and forward to sho w th e
relation of th e left auricle of the heart and the arch
of th e diaphragm on the ri gh t side .
24. Th e left (or posteri or ) auricle of th e heart.
25. Th e position of the Inferior vena cava.
26. Th e up per surface of th e diaphragm on th e right side.
27. Th e lower (cut) end of th e oesophagus.
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(page 195), which are continued as dense bands (the suspensory ligaments]
upon each side to th eir attachment at the diaphragm. These connections
of the pericardium are of great interest, for if the entire diaphragm descends
in respiration it must draw with it the heart-sac and therefore exert more or
less strain upon the vessels at the base of the heart. The author inclin es
to the belief that the central portion or tendon of the diaphragm does
not descend, although the lateral muscular portions do. On one occasion,
after the excision of the sixth, seventh, and eighth ribs on th e r igh t
side, he was able to examine the upper surface of the diaphragm during
the forced effor ts of inspiration under ether, and on another, after the
evacuation of th e contents of an enormous abscess involving the left lobe
of the liver, he could easily in troduce his hand into the abscess-cavity
and detect the lateral upheaving of the diaphragm and the rapid pulsa-
tions of the heart. In the latter case, during the straining of the patient
in the act of vomiting it was observed that the diaphragm descended
and ascended with spasmodic contractions, but only upon the sides, there
being apparently little if any change in the relations of its central
tendon. There can be hardly any doubt that the direct connections of the
pericardium below with the central tendon of the diaphragm and with the
expansions of th e deep cervical fascia above play an important 1'ole in
maintaining the position of the arch of the aorta, and thu s admitting of
sudden changes of position without injurious interference with the circu-
lation of the blood at its outset from the heart. The slight descent of
the lar ynx noticeable on deep inspiration is probably due to th e expa nsion
of the chest walls and the consequent lateral traction exerte d upon the
bronchi by the distended lungs. The pleurre overlap the pericardium
in front, the right more so than the left (Plate 2~, Fig. 1), and the phrenic
nerves descend between them upon each side. P osteriorly the resophagus
is in close relation with that part of the pericardium which encloses the
left auricle of the hear t. After death the pericardium usually appears
to be considerably larger than the heart, but this is due to the empty
condition of the left side of the heart. In the healthy state, when the
hear t is distended, during life, it nearly fills the peri card ium, except at
the lower part on the left side of the diaphragm, where the sac covers
35
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the apex of the heart and is more or less loose. Although the pericardium
is not ordinarily distensible, it may be made in the adult to hold about
ten ounces of fluid, and in pericardi tis with effusion the accumulat ion of
serous fluid within the sac sometimes reaches a pint or more, which may
be drawn off by tapping th rough the fourth or fifth interspace two cen-
timetres, or about three-quarters of an inch, from either border of the
stern um, so as to avoid the internal mammary vessels. The pericardium
ordinaril y contains several drachms of a clear stra w-colored fluid.
The nu tr ient arte ries to the pericardium are derived from the internal
mammary, bronchial, and cesophageal arteries, and its veins mostly return
their blood to the vena azygos. Its nerves are supplied by the phrenic
nerves on both sides. If the pericardium is opened in front (P late 35)
the hear t will be exposed glistening with the moist surface of a serous
tissue which is reflected over it and the vessels at its base and also lines
the fibrous sac. This serous tissue forms a shut sac, and is composed of
a parietal layer in contact with the fibrous pericardium and a visceral layer
in contact with the heart and interposed between the vessels so as to form
a series of pouches. The invagination of the serous layer over the vessels
is not al ways to the same extent, but there are usually seven tubular
sheaths thus formed. There is a common reflection around the aorta and
pulmonary artery , completely ensheathing them. The superior vena cava
is also covered by the serous layer, except where it crosses behind the pul-
monary artery . The inferior vena cava is covered only in front as it enter~
the right auricle directly after passing through the diaphragm. The left
pulmonary veins are almost surrounded, and the right are only partially
covered. The reflection of the serous layer is very irregular. T he pouch
which extends upward from th e inferior vena cava on the righ t to the
posterior surface of the left auricle is called the great oblique sinus.
There are other, smaller pouches,-i.e., between the inferior vena cava and
the inferior right pulmonary vein , between the pulm onary veins, one on
each side, between the upper right pulm onary vein and the supe rior vena
cava, and one between the superior vena cava and the aorta, which, pass-
ing und er the aorta and pulm onary artery, reaches the left side over the
left auricle. This last, from its direction, IS called the transverse sinus.
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Besides these there is a fold between the left pulmonary artery and left
pulmonary vein, of crescentic shape, two and a half centimetres, or about
an inch, in depth, and two centimetres, or th ree-quarters of an inch, in
length, which is the vestigial fold, and is the remains of the left superior
vena cava of early fcetal life. These serous reflections enable the heart
and the vessels at its base to maintain their freedom of action. That
portion of the visceral layer of the pericard iac serous tissue which is
closely connected with the intermuscular tissue of th e hear t-structure
is distinguished as the ep icardium; T here are upon the surface many
stomata which open from the plexus of lymph atic vessels, especially along
th e auricular margins. This layer also contains the .nu trient vessels and
nerves, which are usually associated with more or less fat along the grooves
and deeper par ts of this tissue. Even in health the amount of fat deposited
upon the heart is often considerable; but this must not be confounded with
the more serious condition of fatty degeneration of the muscular tissue.
The heart, as it appears upon opening the pericardium (Plate 35), is
conical in form, and its surfaces are genera lly convex, with the exception
of that portion which rests upon the pericardium where it is attached to
thecentral tendon of the diaphragm, and which is flattened. I t is situated
obliquely as regards the midd le lin e of the chest. I ts base, to which
the great vessels are attached, is directed upward and backward to the
right side, where it is held firmly in relation to the spine between the
fifth and ninth dorsal (thoracic) vertebrre by means of the dense cervico-
thoracic fascia, which blends with th e pericardium at the roots of the
great vessels. Elsewhere the heart is free within the pericardium, and
its apex is directed downward and forward to the left side, where during
life it generally beats in relation to the interval between the fifth and
sixth costal..car tilages. The anterior sur face of the heart consists mainly
of the right auricle and right ventricle, which are brought in to view
when the pericardium is opened in front. The termination of the superior
vena cava is also thus exposed as it enters the right auricle above, at
th e side of which is the ascending portion of the aorta curving upward
and back ward over the pulm onary artery, the root of which is over-
lapped by the appendix of the left auricle. Below the latter are the
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branches of the left coronary ar tery passing toward the apex of the
heart in the groove between the left and right ventricles. On the
right side the right coronary artery issues from beneath the appendix of
the right auricle, which overlaps the root of the aorta. The apex is
formed by the left ventricle, which projects a little beyond the right, so
that normally its beat is felt against the chest wall . The posterior surface
of the heart is formed chiefly by the left auricle and the left ventri cle
(P late 43, F ig. 3) .
As the relative position of the heart to the walls of the thorax is
chiefly of value with reference to the norma l location of the cardiac valves,
it is thought best here to refer to the anatomy of the heart removed from
the body (Plate 43), in order that a clearer idea may be obtained of
the topographical survey of its relations in situ . The exterior of the heart
presents more or less defined grooves which indicate the division of its
interior into the four compartments called the auricl es and ventricles.
The auricuio-oentricular g1'oove passes obliq uely around the heart between
the auricles and the ventricles. The interauricular groove separates the
two auricles, and the imierneniricuiar groove separates the two ventri cles,
the anterior por tion of the latter beginning und er the left auricular
appendix and ending to the right of the apex . The nutri ent vessels,
nerves, and lymphatics to the heart are chiefly lodged in these grooves
embedded in fatty tissue beneath the epicardium, as already mentioned
(page 275). The right c01'onary arlers] arises from the aorta upon the
right side just after it issues from the heart-structure, and, passing between
the pulmonary artery and the right auricle in the auri culo-ventricular
groove, distributes branches to the contiguous vessels and portions of .the
right auricle and ventricle. The left C01'onm'y m'tery arises from the back
of the aorta, a little higher than the right, and, passing between the
pulmonary artery and the left auricl e in th e auriculo-ventricular groove,
gives off several large branch es which occupy the in terventricular grooves
and anastomose freely with the branches of the righ t coronary artery upon
the outer surface. Within th e substance of the organ the minute divisions
of th e coronary arteries terminate in capillary plexuses which empty into
comparatively large venous radicles, It is an interesting fact tha t the
\
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Ol'lgm of both coronary arteries is above the free borders of the aortic
semilunar valves, the right being from the anterior sinus of Valsalvn and
the left from the left posterior sinus, so that there is a steady passage of
the blood through th em Th e coronary veins receive their blood from
the cardiac veins, which accompany the arteries and are provided with
single valves where they are joined by their tributaries. They all end
in the C01'01W1'y sinus , which is two and a half centimetres, or about an
inch, in length, situated at the back part of the auriculo-ven tri cular
groove, and opens into the floor of the right auricle between the opening
of the inferior vena cava and the auriculo-ventricular orifice. At its
entrance into the auricle it is guarded by the C01'01W1'y valve.
The shap e of the heart varies during life, according to its dilatation or
diastole, and its contraction or systole, but its vertical measurement is not
altered by its action. The dimensions of the heart naturally vary with the
age, sex, and general development of the individual. The average meas-
urement of the heart of a well-developed adult male is twelve and a half
centimetres, or about five inches, in length , from the base to the apex, eight
and three-quarter centimetres, 01' three and a half inches, across the base,
and six and a half centimetres, or about two and a half inches, in th ick-
ness, between the anterior and posterior sur faces. As a rul e, the dimen-
sions of the heart increase up to the age of fifty, and subsequently gradually
dimini sh. The weight is generally about ten ounces in the male, and eight
in the female, but depends upon the size and general condition of the body.
Theright border (maJ'go acutus) is sharp and directed obliqu ely downward,
while the left border (maJ'go obtusus) is thick and rounded and directed
obliquely upward. From the front of the right auricle a small pouch pro-
jects about the root of the aorta, which is called, from its resemblance to
the ear of a setter dog, the appendix auricu la, and from the upper side of
the left auricle a similar appendix extends over th e root of the pulmonary
artery. When the adult heart is opened so as to display the interior of its
cavities (P late 43, Figs. 2 and 4) it appears to be a double hollow mus-
cular organ, so constructed that each half, separated from the other by a
septum, fulfils the function of a pump, for th e propulsion of the blood in its
circulation. The right half of the hear t propels the venous blood to the
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lungs, the left propels the arterial blood througho ut the body. Each half
consists of two cavities, the auricle and the ventricle, communicating by
an opening, the auriculo-ventricular, which is peculiarly guarded by valves,
The auricles are the receptacles of the blood, and are provided with com-
paratively thin fleshy walls , which are always slightly thicker in the left
than in the right. The ventricles, on the other hand, are composed of
stout muscular walls adapted to their pu rpose of forcing outward the blood
received from the auricles, th eir thickness being proportioned to the effo rt
required of the m. The left is therefore natura lly thicker and stronger,
as it distributes the arte r ial blood throughout the system, while the right
sends the venous blood to the lun gs. The right auricle consists of a main
cavity, the atrium: or sinus venosus, out of which extends the pouch called
the appendix. When the anterior wall is removed the interior is exposed
smooth and glistening, because it is lined with a delicate serous membrane,
the endocardium, which is continuous with the serous coat of the vessels
opening into the auricle, and through the opening into the ventricle below
with the inner lining of the pulmona ry artery. T he opening of the supe-
rior vena cava is in the upper and anterior part of the auricle, abou t
.opposite the right auriculo-ventricular opening, so that the current of
venous blood which it conveys from the upper part of the body is directed
immediately to the ventricle. T he ori fice of the superior vena cava is
the only large cardiac opening without a valve. The opening of the
inferior vena cava is in the lowest part of th e auricle, and, owing to
the slight curve which th e vessel takes after passing through the dia-
phragm, the . venous blood which it returns from the lower part of the
body is directed toward the oval depression, the f ossa ovalis, in the auric-
ular septum . T he fossa ovalis indicates the position of the foramen. ovale,
which during fcetal life .allowed the blood from the inferior vena cava
to pass through in to the left auricle. At that period thi s course of the
blood was greatly assisted by the presence of the Eustachian. valve, which
is situated at the right margin of the opening of the inferior vena cava
and exte nds to the front of the annulus ovalis, the prominent border
sur rounding the fossa. In the adult thi s valve appears as a thin
crescen tic fold of th e endocardium, and often it has dwindled into a
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mere rudimentary band, simply indi cating its former position. Th e
floor of the fossa ovalis is the thinnest part of the septum between the
.aur icles.
Between the remains of the Eustachian valve and the auriculo-
ventricular opening is the entrance of the corona1'y sinus , which is quite
large and is guarded by a dupl icature of the endocardi um, called the
valve of Th ebeeius. , Besides the sinus there are a var iable number of
little openings on the posterior wall of the auricle, called the fo ramina
Thebeeii , which are the minute apertures of little veins coming from the
hear t-substance. Some of these are impervious, but one, situated on the
r ight of the septa l wall , is constant, and known as the uena Galeni cordis.
I nterposed between the openings for the superior and inferior vente cavre
there is a variable elevation termed the tubercle of L ouier, which prob-
ably aids in the direction of the blood from the superior cava toward
th e auriculo-ventricular opening in embryonic life. Within the auricular
appendix, and to some degree in the lower part of the atrium, th ere are
parallel elevations of th e muscular tissue covered with the endocardium,
called, on account of their resemblance to the teeth of a comb, musculi
pectinati.
The right auriculo,-ventricular opem ng IS of oval form, and large
enough to admit three fingers. It is guarded by the tricuspid valve, which
is named from the usual tripartition of the fibrous tissue of which it is
composed, and invested by the endocardium ; but th is ar rangement is often
less pronounced than it is generally described as being. When th e anterior
wall is removed from th e rigId ventricle, the objects within its cavity are
exposed (P late 43, Fig. 2). At the upper part there is a smooth passage
leading to the opening of the pulmonary artery , called the infundibulum,
or conus arteriosus. F rom the walls of the ventricle, which are every-
where thicker than those of the auricle, project bands of muscular tissue,
the columna carnets, of various cha racter and arra ngement. Some are
short and thick, others are long and narrow. They ar e either mere
ridges projecting from the walls, ' or constitute little br idges, having both
ends attached and being free in the middle. There is usually a band
extending from the ventricular septum to the anterior wall, called the
PLATE 4 0.
The normal position and rela tion s of the thoracic aorta, see n from behind, th e lungs being rem oved to show tn el r
roots .
1. The body of the first dorsal vertebra .
2. Th e left subclavian artery,
3. Th e left innomin ate vein.
4. Th e left internal m ammary a rtery.
5. The left common carotid artery.
6. Th e a rch of the aorta .
7. The left first r ib.
8. Th e left phreni c nerve,
9. Th e vertebral bo rde r of the scapula .
10. Th e left recurrent laryngeal nerve winding u pwa rd
round th e a orta.
11. Th e le ft seco nd rib, near its cartdlage .
12. Th e left third rib.
13. Th e root of the left lung.
14. Th e left four th rib.
15. Th e left fifth rib .
16. Th e apex of the left ventricle of th e hea rt (wit hin the
pericardium).
17. Th e up per surface of th e diaphragm on the left side.
18. The pos it ion of th e aortic opening In the diaphragm.
19. The rig ht subclavian artery.
20. The Innominate nrte ry.
21. The upper (cut) end of th e rosophagus.
22. The right Int ernal mammary artery.
23. Th e supe rio r vena ca va.
24. Th e right recurrent Iaryngeal nerve.
25. The trachea bifurcating into the rig ht a nd left bron-
chI.
26. The right sec ond rib.
27. The righ t pn eumogastric nerve.
28. The root of the right lung.
29. The right third rib.
30. The left auricle of th e heart.
31. The right fourth rib.
32. The th or acic aorta, with th e roots of th e inter costal
arterie s.
33. The in ferior vena cava.
34. The right fifth rib.
35. The upper surface of the di aph ragm on the ri ght side.
36. Th e low er (cut) end of th e cesophagus. where It pa es
through th e d iaph ragm.
3i . The spine of the tenth dorsal vertebra.
" 0:' -
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moderator, or a num ber of reticular fascicles tak ing its place, which pre-
vents th e complete reflection of the an teri or wall.
The most important of the columnre carnere ar e those which are called
th e musculi papillaree. There are three of th ese, usually well formed, in
the right ventricle, corresponding in number to the flaps of the tricuspid
valve. They are attached by one end to the walls of th e cavity , and at
the oth er terminate in th e fine tendinous cords, the chordee tendinece,
whi ch regulate the action of th e tricuspid valve. The two largest of the
papillary muscles arise from the anterior wall of the ventricle, and the
smallest from the septal wall . Occasionally accessory fasciculi are found
interposed between the regul ar muscles and blending with them.
The auriculo-ventricular opening is surrounded by a ring of fibrous
tissue which constitutes the base of th e valve. The flaps of the valve
are thinnest at their contiguous margins where they receive the chordre
tendinere. Not un frequently the edges of th e flaps are j agged and
irregular, and sometimes in the notches between them there are little
projecting nodules. The flaps are designated according to the ir relative
position as 1'ight and left anterior and .posterior, The left anterior flap
is the largest and freest, while the posterior is the shortes t and least
movable and is placed toward the septum. The chordre ten dinere which
are at tached to the adj acent margins of the right and left anterior flaps
and to the notch between them are furnished by the anterior papil-
lary muscle; th ose to th e adjacent margins of the right anterior and
posterior flaps and to the int ervening notch come from the posteri or
papillary muscle; and those to the adjacent margins of the left an terior
and posteri or flaps and to the intervening notch come from th e small er
papillary muscle, which is derived from the septal wall and often aug-
mented by independent chordre which spring from the septum without
any papillary muscle. The mode of attachment of the chordre tendinere
to the flaps is of peculi ar in terest, as they ser ve to hold together the
flaps of the valve during the systole of the ventricle and thus prevent
the blood from regurgitatin g into the auricle. They are all fasten ed
to the ventricular surface of the valve, and they severally separa te in to
branches which go respectively to th e base, middle, and free margllls
36
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of the adjacent borders of the flaps as above described. Further-
more, th e component fibres of th e cords interlace with one anoth er in the
fibrous tissue of the valve', In the empty state of th e ventri cle the
flaps appear hanging downward from the auriculo-ventricular opening,
but experiment has shown that when the ventricle is full of fluid and is
made to contract the fluid catches in the margin of the valve and presses
th e flaps upward and together, while the chordre teudin ere act like little
guy-ropes and prevent th e flaps from turning upward in to the auricle.
Their proper adj ustment and tension are brought about by the action
of the papill ary muscles, for without them th ey would be naturally
slackened by th e contraction of th e walls of the ventricle.
At the upper part of th e righ t ventricle the infundibulum leads in to the
common pulmonary artery, the mouth of which is guarded by three semi-
lunar valves, of which one is situated anteriorl y to th e left and two are
placed posteriorly to the righ t and left. At the upp er and posterior sur face
of each valve the wall of the arte ry is dilated in a pouch, "the pulmonary
sinus (of Valsalva). The valves are formed of fibrous tissue conti nuous
with the fibrous ring surrounding the opening, similar to the construction
of the base of the auriculo-ventricular valve, and covered with a duplica-
ture of the endocardium. The free margins of the valves are directed
upward toward the lum en of the artery, and are each provided with a cres-
centic fibrous border, the lunula, in the middle of whicli there is a little
blunt nodul e of fibro-cartilage, called th e corp us Aramiii. The semilunar
valves are readily forced ~lpward by the blood during the ventricular
systole, but when th e ventricle relaxes the blood in the artery backs up
against the valves, and, being received into the sinuses, exerts pressure
upon the lunulre of the valves, so as to bring them together, their closure
being completed by the apposition of th e nodules.
The left auricle is smaller than the right, but, like it, consists of a cavity,
the sinus, and th e auricular appendix, W hen the posterior wall is removed
(P late 43, Fig. 4) the interior of the sinus is seen to be covered with the
endocard ium, which is continu ous with th e lining membrane of all the
openings leading in and out of th e auricle, and through th em with the
in ternal coats of the vessels, Upon the posterior wall of the auricle are the
TIlE REGION OF THE THORAX 283
op enings of the pulmonary veins, usually four in number, two on the left
and two on the right side, which return the oxygenated blood from the
lungs. Sometimes the left pulmonary veins open by one orifice, more
rarely by three. They are not guarded by valves. U pon the inter-
auricular septum is a depression which indicates the position of the
foramen ovale of fcetal life, which before birth admitted the venous blood
brought by the inferior vena cava to the r igh t auricle into the left auricle
The musculi p ectinati of the left auricle are fewer and smaller than in the
righ t auricle, and are confined to the lower and back part of the cavity .
The lef t ouriculo -uentricular opening is of oval shape and a lit tle smaller
than the right, and is placed at the lower and anterior part of the auricle.
I t is guarded by the bicusp id or mitral valve, which has two flaps, one
an terior and to the right, and one posterior and to the left, with little nodul es
projecting at their notches, called the nodi ualou la: mitmlis . The right fl ap
is the larger. T he in terior of the left ventricle presents a close resem-
blance to the right. Its walls are very th ick, especially in their upper
portion, where they are also broadest, but they gradually diminish toward
the apex . The columaue carnece are small er, more reti culated, and more
nu merous than in the right ventri cle. Two large, variably-constitu ted
papillary muscles project from among the columns at the bottom of the
cavity, the anterior from the left wall and the poster ior from the right.
T hey terminate ' in chordee tendinece, which are attached to the flaps of
the mitral valve. The construction of th e mitral valve corresponds to
that of the tricuspid valve, but it is thicker and stronger in all its com-
ponent parts. The rin g of fibrous tissue surround ing the auriculo-ven-
tricular opening, the flaps themselves, and the chordre tendinere are all
stronger . The latter are similarly at tached to the adjacent margins of
the flaps, the posterior papillary muscle supplying the adjacent margins
on the right, and the anterior papillary muscle furnishin g the adjacent
marg ins on the left. They are both reinforced by additional cords from
the contiguous portions of the walls with or without muscular origin. The
action of the mitral valve is apparently the same as that of the tricuspid,-
i .e., to prevent regurgitation of the blood in to the auricle during the systole
of the ventricle. F rom the upper and back part of the left ventricle a
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smooth surface leads to the opening into the aorta, which resembles that
of th e pulmonary artery, haying three semsluna»: valves, with dilatations of
the aortic wall (sinus es of Val,salva) behind them, The aortic opening is
placed in the groove between the two auricl es, and it is very close to the
left auriculo-ventricular opening, being separated from it only by the
larger anterior flap of the mitral valve. In framework and const ruction
the aortic semilunar valves differ from those guarding the pulmonary
artery only in being proportionately stronger, to adapt them to the
greater work they have to accomplish, consistently with the greater
strength of the left ventricle, in sending the arterial blood throughout
the general system.
The structure of the Iieari consists of an intricate arrangement of layers
of muscular fibres supported upon a framework of fibrous tissue. The
latter is disposed in rings about the two auriculo-ven tri cular, th e aortic,
and the pulmonary openings, as described in their proper relations. These
rings, besides forming the bases for the attachment of the valves, receive
at their external circumference the muscular fibres of the walls of the
different cavities. The strongest part of the fibrous skeleton is in the inter-
space between the aortic and the two auriculo-ventricular openings. This
is t riangular, and in some of the lower animals is substituted by a bony
nodule, called the os cordis . The muscular fibres of the heart are peculiar
for th e comparatively small amount of connective tissue between the
component fascicles, which are of the striped variety and very closely
associated. They are arranged in layers, whose strise pass transversely and
longitudinally. The fibres of the auricles are distinct from those of the
ventricles. They consist of a superficial layer, which generally run s across
the base of the hear t, including both auricles, and a deep laye1', composed
of fibres sur rounding the auricular appendix and the entrances of the vente
cavre on the right auricl e, and the auricular appendix and the entrances of
the pulmonary veins on th e left. The superficial fibres are most marked
on the anterior surface, and send a few fasciculi inward to the in terauri c-
ular septum. The deep fibres also blend wi th the muscular fibres of the
ventricles in front and behind the auri cula-ventri cular fibrous rings. The
layers of fibres composing the walls of the ueniriciee are very complicated,
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and canbe satisfactorily studied only after hardenin g by prolonged boiling,
which dissolves th e connect ive tissue. These fibres are independent of the
auricles, and are much thicker. They consist of vari ous lay ers, which for
the most par t commence from the rin gs of th e fibrous framework above
and descend obliquely to the apex of the heart, twisting upon one another
in such a manner as to produce what is called the vortex, and ascend in
the interior of the walls back again to the fibrous rin gs, sending off in thei r
courses fibres which constitute the columnre carnere and musculi papillares,
The most superficial layer of the ventricular fibres in front of the heart
descends obliqu ely across from right to left, many of those from the
right at th e ant erior interventricular groove turning inward and intersect-
ing with the fibres in the ventricular septum which arise from the deeper
layers. Behind th e heart the fibres descend from left to right, and do not
enter at the posterior in terventricular groove. The deeper layers of fibres
which compose the chief bulk of the ventricular walls are arra nged in
strata, whose fascicles vary in the degree of their obliquity, dimin ishing
from without inward, and interlacing everywhere, so that they present
fibres which have been described as making annular or figure-of-eigh t
loops. Some of the deeper layers of fibres do not appear to have any
.connection with the fibrous rings. The most valuable inference to be
drawn from the laborious effor ts of investigators, who have attempted to
unravel the complications of these muscular fibres, is that th e musculi
papillares are integral parts of the walls from which they spring, so that
they contract simultaneously with th em.
The nerves of the heart are derived from the pneumogastric and from
its recurrent branch, and from the three cervical sympathetic ganglia on
both sides (page 219), which form the great cardiac plexus in front of
and behind the arch of the aorta. This consists of numerous, minute,
and delicate nerves, which inte rlace in every direction with one another,
and are kn own, from their relative position, as the superficial and deep
cardiac p lexuses (P lates 36 and 37). In relation to the concavity of the
aortic arch there is sometimes found a small ganglion (the cardiac ganglion
of Wris berg) . Both the superficial and deep cardiac nerves form frequent
connections with each other, and thus establish the pulmona1·Y p lexuses
PLATE 4 1.
F igure 1.
The thorax of a young female, with the second, third, fourth, flllh , and sixth ribs removed on the lell side, and th e
left lung drawn asid e to show the relations of the root of the lung and th e apex of the heart to the diaphragm.
1. Th e manubrium of th e ster nu m .
2. The car tilage of the left second rib.
3. Th e lell Internal mammary artery wit h Its two com -
panlon veins.
4. Th e cartilage of th e lell th ird rib.
5. The cartilage of the lell fourthrib.
6. The ca rtil age of th e left fifth rib.
7. The lell first rib.
8. The up per lobe of the left lung.
9. The root of th e leiliung.
10. The lell phrenic nerve.
11. The coronary artery.
12. The lower lobe of the left lung.
13. Th e apex of the heart.
14. Th e relati on of the phrenic nerve to the ap ex of th e
heart.
15. Th e diaphragm.
16. Th e left seventh rib.
17. Th e diaphragm seen between th e left eighth an d ninth
ribs.
Figure 2.
Transverse sec tio n through the thora x of an adult male. on a level with the lower borders of the third ribs anteri orly
an d th rough th e body of th e eighth dorsal vertebra posteriorly, seen from below.
1. Section through th e gladiolus of the sternum.
2. The right In ternal mammary vessels .
3. The anterior mediastinum.
4. Section through th e right third rib.
5. Th e superior lobe of th e right lung.
6. The right ventricle of th e heart.
7. The r1ght auricle of th e heart.
8. Sectio n through the right four th r ib.
9. Th e right ph renic nerve.
10. The middle lobe of th e right lung.
11. Sectton through the right fifth rib .
12. The <Esophagus .
13. The vena azygos major.
14. The Inferior lobe of the right lung.
15. Section through the right six th r ib.
16. Section through the right seventh rib.
17. The right eighth rib .
18. Spine of the eighth th oracic vertebra.
19. Th e left internal mammary ves cis.
20. The anterior margin of th e superloriobe of th e leiliung.•
21. The superi or lobe of th e left lung.
22. The left ventricle of th e heart.
23. Th e lell phreni c n erv e.
24. Section through the left fourth rib .
25. Section through th e left bronchi.
26. The Jell pneumogastric nerv e.
27. Th e thoracic duct.
28. The descending aorta.
29. Th e In ferior lobe or'the left lung.
30. The body of t he eighth thoracic vertebra.
31. The spinal canal with sec tion of the spinal cord.
32. The eighth thoracic vertebra.
33. The left eig ht h rib.
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111 relation to the roots of the lungs, and the corona1'y p lexuses. The
bran ches of the latter respectively accompany the ramification s of the
coronary arteries both without and within the substance of th e heart. I t
is said that there are minu te intra-cardiac ganglia, which possibly preside
over the functional contractions of the heart.
The lyrnphatic uessels of the heart, which also occupy for the most
part the interventri cular grooves with the vessels and nerves, convey their
lymph to the glands situated between the aorta and the trachea, and thence
pass to the right lymphatic duct and the thoracic duct on either side of
the root of the neck.
The superior vena cava (P late 35) is formed by th e right and left
innominate veins (page 222), which unite opposite the first intercostal
space on the right of the border of th e stern um, and descends, with a
slight inclina tion backward, to the right auricle, which it ente rs at its
upper and anterior part, opposite the third right costal car tilage. It is
six and a quarter centimetres, or about two and a half inches, in length, in
the adult, and the lower portion is covered with the pericardium (P late 34).
Above it is covered on the right side by the pleura, between which and
the great vein the phrenic nerve passes downward. The superior vena
cava is without valves, and receives, besides some pericar diae and medi-
astinal veins, the vena azygos major, which curves downward over the
r igh t bron chus above the peri cardium (Plate 37, No. 30).
The aorta (Plates 33, 35, 36, 40, 42, and 43) arises opposite the
lower border of the third costal carti lage, at the upper and posterior part
of the left ventricle, near th e centre of the heart. Its normal course is very
singular, and its shape much resembles that of an old-tim e shepherd's crook.
At its commencement it is expanded into a bulbous enlargem ent, in con-
sequence of the dilatations (the sinuses of Valsalva) opposite the semilunar
valves at its cardiac orifice, and proceeds upward about five centimetres, or
two inches, and a little to the right of the middle line, as high as the lower
border of the second right costal cartilage. This portion is called the
ascending (or ventral ) aorta, and is enclosed in th e fibrous layer of the
pericardium. It is in very close relation with the und er surface of the
sternum, the lower margin of the thymus gland and the right pleural sac
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being interposed between them. .The bulbous enlargement is covered by
the pulmonary artery on the left, being included with it in a common
sheath of the serous layer of the pericardium, and by the appendix of the
right auricle on the right (Plate 35). The ascending aorta encroaches'some-
what upon the superior vena cava, and is in relation posteriorly to the right
pulmonary vessels and the root of the right lung. The coronary arteries
to th e heart are given off from the origin of the aorta, as already described
(page 276) . Near the termination of the ascending portion the aorta
usually presents a dilatation, the sinus maximus, which changes the lumen
of the vessel in that situation from circular to oval. It is worthy of
especial note that the first or ascending part of the aorta is closely covered
only by the thin serous layer of the pericardium, which renders an aneu-
rism in thi s locality very dangerous, -in consequence of the easy, rapid
distention of the coats of the vessel and the slight hinderance to the
escape of the blood into the pericardium.
From the lower horder of the second right costal cartilage the aorta
passes backward, at first a little upward and to the left, toward th e body
of the second dorsal vertebra, and then, curving across the trachea ju t
above its bifurcation, it turns downward at its left side as far as the
lower border of t~le fourth dorsal (thoracic) vertebra. This portion is
called the iransuerse aorta, or arch of the aorta. I ts relations ar e very
importan t and interesting. On the left it is overlapped by th e left pleura,
beneath which the left phrenic nerve passes, and it is in close proximity to
th e left pneumogastric nerve, which here gives off th e left recurrent laryn-
geal nerve (P lates 36 and 40), which curves upward under the aorta (page
186). On the right it is in contact with the right pleura, and posteriorly
it is very near the trachea, cesophagus, and thoracic duct, From the upper
surface of th e arch of the aorta the three normal branches arise close
together,~.e., the innominate a1'te1'y (page 221), the lef t common carotid
a1'tery (page 223), and the lef t subclavian a1'te1'y (page 229). T heir
origins are crossed by the left innominate vein (Pl ate 35). The orifices
of the innominate and the left common carotid, when examined from within
the aorta, are separated by merely a sharp edge. The cardiac nerves from
the sympathetic and pneumogastric nerves also pass over the arch to their
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dist ribution on the heart (page 219). This portion of the aorta measures
four and three-quarter centimetres, or a little less than two inches, in
length. The highest point to which its convex surface reaches in a well-
formed adul t is usually about two and a half centimetres, or an inch, below
the upper border of the sternum, and ' its concavity corresponds with the
ridge between the manubrium and the gladiolus ; but these points cannot
be definitely relied upon, as various factor~ may tend to raise or lower the
arch, and it is subject to modifications owing to interference with its proper
development.
There are various irregulari ties of the great vessels which probably
occur more frequently than has been noted, and may be ascribed to either
an arrest or a persistence of one or other of the primitive aortic arches
of early embryonic life, out of the ord inary order of the human develop-
ment. Such modifications usually result in tran sposition of the innomi-
nate to the left side or some change in the point of origin of the carotid or
the subclavian artery upon one or both sides. Anomalies of the heart
and the aorta are extremely rare. I t may not be inappropriate to mention
in this connection such a case which the author met with in the body of
a man aged twenty-seven years, whose death ~vas caused by phthisis.
T he preparation (Plate 26, F ig. 4) exhib its no arch. of the aorta, but
independent origins of both right and left carotid and subclavian arteries
from the top of the descending thoracic aorta, with the hear t placed
vertically, the position in which it was found within the chest. This
disposition of the aortic branches is somewhat analogous to that ord ina-
rily observed in the horse and in the ruminatin g animals, but it does not
appear to have been hitherto recorded as found in man. The heart was
found to consist of a single auricle and a single ventricle.
The common pulmonary aJ·tery (P late 35), which conveys all the
venous blood from the right side of the heart, to be aerated in the lungs,
commences at the infundibulum in the upper part of the right ventricle
(page 279). This vessel is nearly five centimetres, or two inch es, in
length, and, as has been already stated, is contained within the sheath
of the serous layer of the pericard ium, which is common to it and the
ascending portion of the aorta. It stands out in front of all the great
37
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cardiac vessels when the heart-sac is opened between the right and left
auricular appendages (Plates 33 and 35) . Its direction is upward and
backward to the concavity of the arch of the aorta, where, in front of the
bifurcation of the trachea and on a level with the sixth dorsal vertebra,
.it divides into the right and left pulmonary branches, which, pas ing
through the pericardium on each side, enter th e roots of the respective
lungs. The right branch is larger and longer than the left, and is separated
from the arch of the aorta by the deep cardiac nerves of that side, and
as it enters the root of the right lung it is in front of and below the right
bronchus (page 268). The left branch passes in front of the descending
aorta and enters the root of the left lung in front of and above the left
bronchus (page 269) . Where the left branch leaves the pericardium
there is. a short fibrous cord extending backward to the left end of the
arch of the aorta, which is the remains of the ductus arteriosus, the canal
by which, in fcetal life, the blood from th e pulmonary artery passed
directly into the aorta (page 304) . The pubnona1'Y veins, which return
the blood to the left auricle of the heart after it has been re-oxygenated
and transformed into arterial blood in the lungs, commence in a net-work
of capillary vessels upon the walls of the air-vesicles, where they are con-
tinuous with the ultimate ramifications of the pulmonary artery (page
270). They also receive part of the blood distributed by the bronchial
veins in the substance of the lungs. They unite at first into single
trunks corresponding to each lobule, and these in turn unite to form a
trunk for each lobe, so that the right lung has three and the left lung
two main efferent vein-trunks. Usually the two upp er tru nks of the
right lung join at its root, although they sometimes remain independ ent
of each other. The right pulmonary veins are somewhat longer ,than the
left, and they all terminate in the posterior wall of the left auricle
(page 283), the orifices of th ose coming from the left lung being closer
together and on a lower level than those from the right. The upper
one of the right and the lower one of the left are respectively larger
(eighteen millimetres, or three-quarters of an inch, in diameter) than
their companion' veins. Both pairs in the roots of the lun gs (page 2(8)
occupy a position in front of the pulmonary arteries, and as they pass
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horizontally toward the left auri cle they pierce the pericardium, the
•
serous layer of which is reflected over their anterior urface. There are
no valves in the pulmonary veins.
As the heart is the central orga n of the vascular system, in which,
by means of the great vessels at its base, the arteries originate and the
veins terminate, the general anatomy of these two classes of the. blood-
vessels may be here properly considered.
The arteries are comparatively firm, elastic tubes, which commence
at the heart in two great trunks, the aorta (page 287) and the pulm onary
artery (page 289), the former distributing the arterial blood from the
left ventricle throughout th e ' general system, and the latter conveying
the venous blood from the right ventricle to the lungs, as described
on page 306.
The s'!jstemic arteries arise from the main branches of th e aorta, which
are directed to the head and the extremities and to the various organs
of the body. The ar teries generally pursue the shortest, most direct, and
most protected course from th eir origins to the locality of th eir distri-
bution, and this is particularly noticeable in the extremities, where they
are contiguous to the bones, in the lines of flexure, so that they are less
exposed to injury and less likely to be compressed by muscular action.
The arteries (except within th e tissues of the brain and of the bones)
are provided with a special investment of the ar eolar tissue of the parts
in which they are contained, consti tuting their sheaths, and in par ticularly
exposed situations the superficial arte ries are usually further protected by
tendin ous expansions. They also continue of uniform size until they give
off a bran ch, when they become, as a rul e, somewhat smaller in calibre.
It has been estimated, however, that the combined capacity of the branches
is greater than that of their original trunks, and in consequence there is
naturally a diminution in the velocity of the blood-current as it proceeds
farther and farther from its source. In certain locali ties, where the parts
are freely movable, the arteries are tortuous, so that they readi ly accom-
modate themselves to changes in position and the movements of the soft
par ts without being subjected to strain . The facial, lingual, and vertebra l
ar teries are examples. Arteries bra nch in various ways. If they divide
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into two equal branches, they diverge at equal angles from the lin e of the
trunk. If the branches are unequal, the trunk is deflected from its
straight course to the side opposite that to which the branch is distributed,
varying in degree according to the size of the branch. In fact, the
branches may be given oft' at any angle, but they usually proceed at an
acute angle from th eir origin. In their course the smaller ar teries fre-
quently communicate with one another, constituting what is called their
inos;ll lalion or anastomosis. This arrangement serves to prevent an in ter-
ru ption in the flow of the blood in case of pressure upon one or other of
th e branches, and is of great value in the establishment of the collateral
circulation. after the ligation of anyone of the principal vessels.
In the brain, the retina, and the kidneys the ultim ate branches of
the ar teries are called terminal or end arteries, because they do not anas-
tomose with one another, and consequently if a supplying artery is blocked
by an embolus the area of its distribution is completely destroyed by
necrosis.
During life the arteries possess a considerable degree of elasticity
and contractility, as is often witnessed in the remarkable mann er in which
they escape injury in penetrating and incised wounds. In the health y
state the walls of the arteries are capable .of withstanding a considerabl e
degree of intravascular tension, and their firmness is conspicuous, for when
they are cut across they do not collapse, as the veins do: They appear
empty after death, and on this account were originally supposed to contain
all'. The elasticity of the arteries diminishes with age, and in consequence
they often become spirally twisted and tortuous in localities where they are
loosely embedded in the tissues, The size of the arteries is proportionate
to the amount of blood required by the physiological actions of the par t
which they supply. The larger arteries (eight millimetres, or three-eighths
of an inch, in diameter) are attended by a single large vein; the medium-
sized arteries (six millimetres, or one-quarter of an inch, in diameter)
ha ve one or two accompanying veins, and the smaller (three millimetres, or
one-eigh th of an inch, in diameter) usually two veins. The uetue comites
of the arte ries are generally included in their areolar sheath, together with
the nerve-cord which passes to th e same area of distribution as the artery.
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The course of the arteries in the extremities is generally along the inter-
muscular septa, or in th e spaces between the superficial and deep muscles, so
that a twig issuing among the surface-tissues, if traced backward, serves as a
guide to the position of th e main vessel. By thi s means, for example, the
anterior and posterior tibial arteries within th e deeper part of their course
may be easily found; and there is no safer way of reaching the externa l
iliac artery than by following the deep epigastric, or of reachin g the
axill ary artery than by following the acromial. Owing to some local ized
arrest of development, occasioning dilatations of anastomotic branches and
attended by contraction or obliteration of the main trunk, there are fre-
quent variations in the arteries, and it often happens that a vessel which
is usually small may become abnormally enlarged, so that it is liable to
be mistaken for the main artery. It should be remembered also that a
small branch arising from a large vessel will always bleed freely, and
to an extent out of proportion to its size, so that its hemorrhage requires
to be promptly arrested.
The structure of the walls of the arteries consists of three chief layers
of various formation which are intimately associated with one another.
They are called the external, middle, and internal coats, or the tunicre
adventitia, media, and intima. The external coat, or adventi tia, on which
the strength and firmness of the a~'teries mainly depend, is composed of
layers of condensed fibro-connective tissue derived from the sur rounding
cellular tissue and arranged in interlacing bundles, between the meshes
of which are lymph-spaces and connective-tissue corpuscles. In the larger
vessels, and in th e arteries which are loosely connected with th eir sur-
roundings, as on the face and the mesentery, longitudinal muscular fibres
are blended with the other elements of the outer coat, which in the latter
case not only renders the mesenteric arteries thicker but enables them to
offer support to th e parts which th ey supply, th e jejunum and the ileum,
and to withstand the c?nstant traction to which they are subjected in the
changes of position of the intestin es during life. The middle coat, or
media, is the thickest portion of the wall of an ar tery. I t consists pri nci-
pally of unstriped muscular fibres (and therefore is sometimes also called the
muscular coat), with a variable quantity of elastic connective-tissue fibres.
PLATE 42.
Dissecti on of th e vascular system In a child eight months old, sho win g the principal urterles and vei ns In their
pr op er rel ation s and pos iti ons.
I. Th e r igh ttem pora l urtery.
2. T he right facial artery.
3. Brun eh of th e right Iingunl artery.
4. Th e bod y of th e hy oid bone ,
5. Th e supe rior. or d escending, thyroid artery.
6:Th e r igh t internal jugular vein .
7. The righ t coru mo u ca rotid artery,
8. Th e r igh t pne u mogast ric nerve .
9. T he median n erve of th e right a rm .
10. Th e thyroi d bod)' .
11. The sternal en d of th e right clavicle.
12. T h e a x illa!')' a rte ry .
13. The trachea, at th e root of the n eck.
14. Th e rig h t subclavi a n vein , bra n ching from the right
In nomin ate vei n.
15. Th e rig h t Innominate vein .
16. The right subsca pula r ve scls and nerves.
17. The supe rio r vena ca va.
18. The root of the r igh t lu n g, sho wi ng the pulmonary ves-
sels .
19. The right auricle of th e h eart.
20. Th e anterior coron ary a rte ry and veins.
21. The under su rface of th e d iaph ra gm . sh owing the r ight
phren ic a rt eries.
22. The in fer ior vena ca va.
23. Th e right k id n ey, ope ned , showing the ren al vessels.
24. The righ t spermatic ve in, em pt ying In to th e inferior
vena cava.
25. The superior m esenteric artery, drawn to th e r ight
side.
26. The righ t uret er.
27. Th e r ight commo n llIac artery.
28. Th e r ight spe rm ati c artery.
29. Th e right Iuternal tltae artery.
30. The in fer ior m esenteric artery.
31. Th e right ci rc u m flex 11Iac artery.
32. The righ t an te rio r cru ra l nervo.
33. Th e ri ght fem oral ve ssel s, passing under Poupart's
ligamen t.
34. The rig h t spe rmatic cord.
35. The sa rtorius muscl e.
36. Th e fem oral artery, pass ing into Hunter's canal.
37. The gracilis m uscl e.
38. The In sertion of th e sa rtorius, grac llls, and sem ite nd i·
nosu s muscl es.
39. Th e left temporal art ery,
40. Th e left faclal artery.
41. The left llngual a rtery.
42. Th e left ste rn o-mastoid muscl e.
43. The left pneumoga stric nerve,
44. The left In ternal jugu lar vein.
45. Th e left common ca rotid a rt ery.
46. The left su perior thyroid a rt ery.
47. Th e m ed ian nerve and brach ial artery of th e le ft a rm.
48. Th e axillary artery, surrounded by the cords of the
brach ial plexus.
49. The sternal en d of the left clavicl e .
50. The left carotid arte ry .
51. Th e left in nominate vei n,
52, Th e left su bc la via n artery.
53. Th e left subscapu la r vessel s and n erves .
M . The arch of the aort a.
55. Th e root of th e left lu ng, showi ng th e pulmon ary vesse ls,
56. Th e pos te rior co ronary a rte ry.
57. Th e apex of th e h eart.
58. Th e le ft phrenic artery, on un der su rface of th e dt a-
ph ragm.
59. Th e nbdom lnal nor ta .
GO. The cre liac axis.
61. Th e left kidney, opened to sho w the ren al ves sels.
62. Th e left sperm atic vein, em ptying in to the ren al vein.
63. Th e left ureter.
64. Th e left sperm atic a rt ery.
65. Th e left Int er nal iliac a rtery.
66. The inferior mesenteri c artery.
67. Th e sigmo id flexure of th e colo n, drawn as ide.
68. Th e su per ior haim orrhold al, or rect al , arte ry.
69. 'fhe left circumflex lilac artery.
70. Th e bladder,
71. Th e left anteri or cr u ra l nerve.
72. Th e left fem oral vessel s.
73. Th e left spe rmatic cord.
74. Th e left adductor lon gus muscle.
75. Th e left sa rto rius muscle.
76. The left gra cilis m usc le .
77. The anastomot lca m agn a artery,
:N. B.-The preparation from which the photograph for this plate was taken is re m arkable because it Is an actual
demonstration of the circulation of the blood, Tile Inj ection, a solu tion of wax in ether, wa s in trod uced in to the right
common caro tid artery beneath the lobe of the thyroid body, and, havin g passed through the caplllaries, fllle d th e vein s.
Ther e is some probabllity that the foramen ovale had remained unclosed, which would have con tribu ted to complet e
th e venous inj ection. The ductus arteriosus was obliterated.
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Th ey are arranged for the most part circularly, except 111 th e smallest
ar terioles, where they are spiral. The proport ion of the elastic tissue
apparently diminishes with the size of the artery, while the converse is
t rue with regard to the muscular tissue, so tha t the smaller vessels possess
greater contractili ty relativ ely to the larger. Connective tissue also enters
into the construction of this coat in the larger vessels, and many of the
latter are provided with an external elastic lamin a (He nle). The muscle-
fibres in the middle coat of the large arteries are irregular and both oblique
and longitudinal, while in the small arteries they are more uniform and
exhibit under the microscope longitudinal strire each containing an ellipt ical
nucleus. The interna l coat, or intima, is very delicate and thin, and com-
posed of an intermixture of elastic and fibrous tissue arra nged in several
layers. The amount of elastic tissue also varies with th e size of the vessel,
being in the smallest merely a single layer. The internal surface of
th e intima consists of the transparent membrane, the endanq iuni, which
closelv resembles the serous membranes in character and is continuous
~
with the endocardium of the heart. The endangium has been demonstrated
to be constituted of two layers, called the endothelium. and the mem brana
propria. The former consists of a single stratum of transparent fusiform
cells havin g a central nucleus and arranged parallel to the course of
th e vessel. The latter consists of interlacing connective-tissue fibres con-
taining branching corpuscles. The amount of muscle and elastic tissue
in the walls of certain arteries is variable ir respective of their calibre,
as it has been proved that the carotid and ax illary ar teries are provided
with more elastic tissue in their middle coats than the femora], which has
a greater quantity of muscle-fibre.
Upon the app lication of a ligature to an artery in the healthy state
the internal and middle coats are completely broken, so that they retra ct,
while the external coat is puckered up.
The arteries are without valves.
The veins possess much thinner walls and are generally larger III
calibre than the arteries. They return the venous blood from the system
by means of the superior and inferior vente cavre (pages 287 and 306), and
from the walls of the heart by the coronary sinus (page 277) , to the right
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auricle, and the arterial blood from the lungs by the pulmonary veins
(page 290) to the left auricle. The systemic veins are more numerous than
the arteries, and th eir combined capacity is greater. They originate in
radi cles, which receive th e blood from the capillaries everywh ere in the
tissues, and are generally arranged in plexuses at their commencement.
From these plexuses branches are given off which unite into trunks, which
are constantly increased in size by being joined by tributaries in their
course toward th e heart. Th ey consist of two chief divisions, the supe1'-
fi eial and the deep veins. The former are placed between the layers of the
superficial fascia beneath the skin, and the latter accompany the arteries,
being known as the venm. comites, or satellites. Th e largest arteries and
their largest branches are usually accompanied by a single vein, but the
medium-sized and smaller arteries have two veins, which are enclosed in
their common sheaths, as previously described (page 292). In certain
regions, as in the brain, the spinal canal, and the liver, the veins do not
accompany the arteries; in others, as in the head and face, they pursue a
more direct course than the arteries. The veins communicate or inoscu-
late much more freely than the arteries do, even among those of large
size. This is conspicuous with the superficial veins, which form a net-
work over the whole body. The intercommunication of the superficial
veins with the deep is especially noticeable at the flexures of the join ts,
where the motions would otherwise be liable to offer impediment to the
flow of the blood. This is also markedly the case in the neck and within
the cranium, where any obstruction to the venous system would be followed
by a dangerous stasis.
The veins of the dura mater within the head are called the sinuses,
which are formed by th e splitting of that membrane and lin ed by
epithelium (page 18). In certain localities where veins are contained
within masses of areolar tissue and enveloped in a dense fi brous membrane,
they .may anastomose, but as their walls are imperfect they allow their
blood to escape into the surrounding trabeculee or spaces and thu s form
erectile t-issue, as in the corpora caoernosa penis. The veins offer very
many anomalies, but there is always a noticeable fact regarding them,-
i .e., that where a vein is unusually small there is a compensating enlarge-
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ment in an adjoining or neighboring vein. Such a variation is commonly
noticed between the external and anterior jugular veins (page 192). Th e
structure of the walls of the oeins is composed, like that of the arteries, of
three coats, but taken together they are less uniform and thinner tha n the
arteries, although th ey are more intimately connected. They possess con-
siderable strength, however, and the walls of the superfi cial veins are
generally thicker than the deeper ones. It is very difficult to separate
the external and middle coats. The former consists chiefly of a compact
layer of fibro-connecti ve tissue blended with meshes of elastic fibres.
The latter is mostly made up of irregular circular bands of unstriped
muscular tissue, also held together in meshes of elastic fibres. The
amount of fihro-connective and muscular tissue vari es in the veins of
different parts, and the two tissues hold variable prop ortions to each
other in the outer and middle coats. In the great jugular and innomi-
nate veins at the root of the neck there is a deficiency of muscular
tissue. In the Haversian canals of the bones the walls of the veins con-
sist only of fibrous tissue lined with endothelium.
The internal coat, or intima, of the veins is very similar to that of the
arteries, consisting of a very delicate elastic membrane, having upon its
internal surface an endothelial lining and a substratum of striated con-
nective tissue, often containing muscle-cells. One of the most importan t
peculiarities of the veins is the development of valves from their internal
coats in certain localities, which prevent regurgitation of the blood and
therefore assist its passage toward the heart. They usually occur in pairs,
placed opposite each other in the course of a vein, but are single at the
orifices of th e branches. The valves are not found in all veins, but th ey
are most num erous in the superficial veins of the extremities, especially the
lower, where they often appear like knots through the skin in varicosed
conditions. They consist of crescent-shaped flaps composed of th e inn er
coat, like little pockets. They are attach ed with their convex border to
. the sides of the vein and their free concave margin directed in the
proper course of the blood, so that if this is interfered with by pressure
and a reflux occurs the pockets become filled and close the lumen of the
vein by their distention. The valves are not always equally developed,
38
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as on several occasions th e author has found it possible to throw all;
injecting material into the radicles of the hand or foot through the main
venous channel of the limb: in two instan ces a solution of wax in ether
was thus made to traverse the capillaries and fill the arteries.
The relative position which the main arterial and venous trunks bear
to one another throughout the body follows the rul e already mentioned
(page 222), that above the diaphragm the veins are superficial to the
arteries, while below the diaphragm the arteries are superficial to he
veins, with the single exception of th e renal veins.
The capillaries are the fine hair-like vessels which serve as the secret
communications by which the blood passes continually from the arteries
into the veins throughout the tissues of the various organs of the body.
They are so minute that they can be seen only with the microscope, and
so fine that it is necessary to rupture several of them to get a drop of
blood. Although generally very numerous, th ey vary in number in the
different tissues according to their requirements for nutrition, being most
abundant in the tissues or organs where the gr eatest degree of vital activity
exists. They are not found in the cartilages, epithelium, or epidermis.
Ordinarily they are arranged in a system of net-works, which vary in
the si~e of their meshes in different localities. Th ey are very close
in the lungs, in the gray substance of the brain and spinal cord, in the
mucous membranes generally, and in the muscular and adipose tissues.
In the dermis and choroid coat of the eye the net-work of capillaries is
exceedingly fine and close. In the fascire, however, and the aponeuroses,
tendons, and ligaments, the capillary meshes are wider, the vessels them-
selves being fewer. They are variably arranged to conform with the
structure of the tissues which th ey occupy. This is noticeable especially in
the lungs in relation to th e lobules, and in th e papillte of the skin or the
villi throu ghout the in testin al canal. In their simplest form the capillaries
may be considered as composed only of the delicate endothelial linin g of
the arteries or veins with which they ar e continuous. They are both elastic
and contractile, so that they differ in calibre und er different conditions.
Under the influence of chemical reagents their walls have been shown to
have a cellular construction, with the cells arranged longitudinally to the
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aXIS of the vessel. The cells contain an oval nucl eus, and they are held
together by what is termed "intercellular cement," which is marked at
intervals by fine dots. During the state of inflammation the capillaries
become distended, and the intercellular cement in the locali ties of these
dots yields, occasioning small openings in the walls, the stomata, through
which the white blood-corpuscles show a tendency to escape into the inte r-
spaces among the tissues. This is an important characteristic of these
vessels, as by its means th e elements of nutrition in the processes of gro wth,
repair, and performance of function are imbib ed and eliminated. When
the capillaries in the web of a frog's foot or in th e mesentery of a snake are
examin ed under the microscope, they appear as transparent tubes contain-
ing a clear fluid (liquor sanguinis) , which moves more slowly along the
walls of the vessels, bcing retarded by friction, than in the centre, where
the corpuscles are arranged in a column and are swept onward with greater
rapidity . It follows from the resistan ce offered by the increased wall-area
of th e capillaries, as well as by the minuteness of their lumina, that the
blood circulates through the capillaries much more slowly than it does in
th e large arteries. In some tissues the blood-vessels, before they terminate
in capillaries, divid e into peculiar tufts of minute anastomosing vessels,
such as ar e seen in the glomeruli or Malpighian corpuscles of th e kidney.
In others the separa te ar terial stems and venous radicles form a net-work
before they break up into capillaries, and thus constitute the different forms
of rete mirabile, such as occur in the choroid ' tela and velum interpositum
of the brain. The walls of all th e larger arteries and veins are provided
with ar teries and veins of their own, the vasa uasorum; which are derived
from and terminate respectively in the neighboring vessels. It is evident
to the naked eye that such vessels are furnished to the external coats of the
large vessels, and it is asserted that'the microscope has revealed that there
are capillary vessels in relation also to the middle coat. Lymphatic vessels
appear, as already stated, in and around the external coats, and about the
largest vessels they establish plexuses.
The arteries and veins are also supplied with nerves, the vaso-motor
nerves, which form plexuses in th e muscular or middle coats, more
especially of the arteries. They have been shown to preside over the
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contractility and dilatability of the vessels, and explain many of the
physiological phenom ena, as in pallor or blushin g, and the changes in
local temperature, owing to their influence upon the degree of blood-
pressure. The vaso-motor nerves, although apparently derived as fibres
from the sympathetic ganglia in the various regions of the body, have
been demonstrated by experiment, in many instan ces, to arise originally
from the nerves of the spinal corel. The so-called inhibitory or repressing
effect manifested in th e physiological action of certain drugs is probably
ascribable to them. These nerves are now considered as consisting of two
. distin ct sets of fibres, which from their opposing influences are called vaso-
constrictor and vaso-di lator nerves. The marvellous rapidity with which
the secretion and excretion of certain organs are performed, and the regu-
lation of the distribution of th e blood by which th e various physiological
processes of digestion are determined, can be und erstood only by tak ing
in to account the controlling influence of this special division of the intri-
cate nerves, composed of fibres from the sympathetic and fibres from the
spinal nerves combined, and probably presided over by some special centre
in the floor of the fourth ventricle of the brain.
The blood is the viscid, red-colored, opaque, alkaline fluid which
circulates throughout the vascular system, and the function of which
is to furnish the nutritive material to all th e tissues and organs of the
body, and to eliminate from them many of the elements of waste which
are capabl e of being revivified and used over again. The color of the
blood vari es according to th e conditions und er which it is seen, and in
the different sets of vessels in which it flows, being bright red in the
arteries, and bluish-black or purple in the veins. These changes of
color are due to the amount of oxygen which is in combination with the
Iuemoqlobin, the coloring-matter of the blood. The blood has a saline
taste and a peculiar odor. Its material is in a continual state of change
and motion, the degree of the latter being regulated by the influence of
the vaso-motor nerves and the calibre of the vessels in which it is contained.
The blood consists essentially of cellular elements, th e corpuscles, and
an intercellular substance, th e p lasma. The corpuscles are of two kin ds,
the white, or leucocytes, which are variable in number in different par ts
. ~
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and in different conditions of the individual, and the red corpuscles, which
in health always greatly outnumber th e white and give to the blood its
characteristic color. The leu cocutee are colorl ess, nucleated cells, which
und er the microscope show amoeboid motions. The red corpuscles are
uniform, homogeneous; flattened circular disks, concave upon both surfaces
and without nuclei. There are also in the blood a quantity of minu te.
oval disks, called blood-plates, and numberless granules, Iuemaloblasu,
The plasma is. a clear, colorless, alkaline fluid, which is capable of trans-
udation through the walls of the capillary vessels into the surrounding
cellular spaces of the connective tissue. These spaces are now called
lymph-paths, because th e lymph is formed within them as the result of
the combination of unused plasma and waste tissue-cells. The lymph atic
system of vessels is described with the lacteals, in connection with the
anatomy of the in testinal canal, in Vol. II.
When fresh blood is examined at the temperature of the body, the
white corp uscles are seen to change slowly their shape and position, re-
sembling in many respects the microscopic animalcule the amoeba, This
power of ammboid movement enables the white corpuscles under certa in
influences to pass out with the plasma into the cellular spaces ; and hence
these corpuscles are also kn own as the 1nigratory cells. . The white
corpuscles are in fact derived from the lymph, and are supposed to be
the source of the red corpuscles; but this has not yet been satisfactorily
established. The red corpuscles in fresh blood exhibit a remarkable
tendency to pile themselves together like little rouleaux of coin. The
plasma consists chiefly of a perm anent liquid, the serum, which is a straw-
colored fluid, and of certain elements called fibrin-fa ctors, fibrinogen and
fibrino-p lastin, When the blood is withdrawn from the body and at
rest, there is apparently a ferment formed from the breaking down of
some of the white corpuscles, which occasions the union of the fibrin-
factors into a clot, or coagulum. The serum is an albuminous solution
containing salts, fatty matters, sugar, etc.j and readil y coagulable by heat.
The blood also contains in solut ion oxygen, carbonic acid, and ni trogen
gases. The Iuemoqlobin, or coloring-matter, belongs to th e red corpus-
cles. and has a remarkable affin ity for oxyge n, which it absorbs when
PLATE 43.
Figure I.
The front view of the heart rem oved from the body, with the roots of the great vessels arising from th e ao r ta .
1. The trachea.
2. Th e lma thyroldea artery.
3. Th e right common ca rotid artery.
4. The r ight subc lavian artery.
5. Th e Innom in ate artery.
6. The superi or vena cava.
• i . Th e asce nd ing portion of the arch of the aorta.
8. The right coronary artery.
9. The right auricle.
10. The appendix of the right auricle.
11. Thc left subelnvlun artery.
12. The left common carotid artery.
13. Th e transverse portion of the arch of th e aorta.
14. Th e descending portion of the arc h of th e ao rta,
15. Th e com mo n pulmonary artery.
16. Th e appendix of th e lelt auricle.
Ii. The left coronary arte ry.
18. Th e right ventricle,
19. The left ventricle .
20. The apex of th e heart .
Figure 2.
Section of the right auricle and ventricle to show the Interior of their cavities.
I. The Ima thyroidea artery .
2. Th e right common ca rotid artery.
3. Th e right subclavian artery.
4. The Innominate art ery,
5. The ascending portion of th e arch of t he aorta.
6. The superior vena cava.
i : The forumtna Thebesl!.
8. The opening of the vcl n of Gale n.
9. The annulus ovalls.
10. The fossa ovalls,
11. The tu bercle of Lower .
12. Th e Eu sta chi an valve.
13. Th e ori fice of the coronary vein.
14. The musculi pectinat!.
15. The inferior vena cava.
16. The right common carotid artery,
Ii. Th e right subclavian IIrte rY.
18. The transverse po rtio n of th e ar ch of th e aor ta .
19. Thc descending portion of th e arch of th e aorta .
20. The appendix of the left auricle.
21. The pulmonary artery laid open.
22. Th e semilunar valves.
23. The cut edge of the right ventricle.
24. The anterior mu sculus pnp lllnrts.
25. A bri stl e pa ssed th rough th e right aurlculo-ventrtcular
opening.
26. The chordee tend lnere ,
2i. The tnter -ventrleular septu m .
28. Th e columnte carnete.
29. The apex of the heart,
Figure 3 .
The posterior view of the heart In relation to th e th oraelc aorta.
1. The left common carotid artery.
2. The left subc la vian artery.
3. Th e descending porti on of th e arch of the aorta.
4. The pulmonary artery.
5. Th e appendix of the left auricle.
6. Th e posteri or coronary artery.
i. Th e th or acic aorta.
S. The ape x of th e heart.
9. The right common ca rotid artery.
10. Th e right subclavia n arte ry.
11. The transverse portion of the arch of th e aorta.
12. The superior vena ca va.
13. Th e dl lutntlon situated at th e cntrancc of th e Infer ior
vena cav a into th e r ight auricle.
14. The inferior ven a ca va.
Figure 4.
The posterior walls of th e left auricle and ventricle removed to show the interior of th eir cavities .
1. Th e aorta.
2. Th e pulmonary artery.
3. 'I'h e musculi pectinuti.
4. Th e ap pendix of th e right auricle.
5. Th e an terior flap of th e mitral valve.
6. The left corona ry artery.
't , A ne edl e passed throu gh th e aortic open ing.
S. The apex of th e heart.
9. Th e left pulmon ary ve in s.
10. Th e right pulmonary veins.
11. Openings of the pulmonary veln s in th e wall of the
left auricle.
12. The septum .
13. A bri stle passed through the left aurlculo-ventrtcurat
open ing.
14. Th e a ppe ndi x of the le ft auricle.
15. Th e posterior flap of the mitral valves.
16. The mu sc ulus papillari s.
Ii. The columnro carneee,
N. B.-The specime n from which these four plates were taken was th e h eart of an adult male. perfectly he althy and
normal , excepting th e little ima thyroidea artery, which ari ses from th e innominate. as seen In Figures 1 and 2.
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brough t in to relation with the air-cells of the pulmonary lobules by
endosmosis.
T he fcetal heart, and the circulation of the blood before
birt li..-I n the early stages of the fcetal formation the hear t occupies
nearly the whole of the thoracic cavity, and, comparatively speaking, is
much larger than it is subsequent to birth. The auricular portion exceeds
th e ventricular, and the righ t auricle is more capacious than the left, the
right ventricle being also smaller than its fellow. The organ is placed
vertically ,~ithin the thorax in its early stages. Just before birth, how-
ever, these peculiarities disappear, and the ventricular portion becomes the
larger, the left having the thicker walls, and the whole organ rapidly
approaches its normal condition for life. The internal structure of th e
fcetal heart is different from that of the adult chiefly in having an oval
opening i foramen. ovale) . between the auricles, which allows a commu-
nication from side to side, and in the large size of the E ustachian valve
(page 278), which directs the blood from the' inferior .vena cava through
th e foramen ovale. The latter generally becomes closed within the first
week or ten days after birth, but may remain open longer, and in some
instances has been found to be slightly pervio us at a great age. The
Eustachian valve speedily dwind les after the establishment of the func-
tion of the lungs and the proper circulation of the blood. Contemporary
with these structural alterations changes occur in the great vessels which
are requisite for the independent circulation of the blood. The pulm o-
nary ar tery of the fce tus, after leaving the right ventricle, gives off the
right pulmonary branch, and then divides into two other branches, the
first of which is as large as th e pulmonary artery itself, about twelve milli-
metres, or half an inch, in length, and directly joins the aorta at the ter mi-
nation of its arch (page 290), while the other goes to the left lung. The
connecting branch between the pulmonary artery and th e aorta is named the
ductus arteriosus. It is really the continuation of the pulmonary artery.
The fcetal circu lation. (Plate 26, Fig. 2) consists of the entrance of
the arterial blood from th e placenta into the body of the embryo at the
umbilicus, by means of the 'umbilical uein, which ascends to th e under
sur face of the Iivel'.
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"\Vithin this organ the greater part of the. blood first communicates
with the branches of the portal vein and with the hepatic veins, and thence
passes to the inferior vena cava, but a portion of the blood conveyed by
the umbilical vein is conducted by a small vessel directly to th e upp er
part of the inferior vena cava, without passing through the substance
of the liver : this vessel is called th e ductus venosus (P late 26, Fig. 2,
No.5). The inferior vena cava empties all its blood into th e right auricle,
whence it is directed by the Eustachian valve through the foramen ovale
into the left auricl e. From the left auricle it passes through the left
auriculo-ventricular opening into the left ventricle, and then ce by means
of the aorta it is distributed chiefly to the head, neck, and upp er ex-
tremities. The more immediate supply of pure blood to these par ts
accounts for their gr eater proportionate development at birth. The im-
pure blood from the upper part of the body is returned into the superior
vena cava, and by it to the right auricle, from which it passes through the
right aur iculo-ventricular ' opening into the right ventricle. From the latter
it issues by th e pulmonary artery, and is chiefly conveyed by its continua-
tion, the ductus arteriosus (Plate 26, Fig. 2, No. 13), into the upper porti on
of the descending aorta, where it mixes probably with some of the blood
from the left ventricle passing through the arch of th e aorta. From the
descending aorta the blood passes through the abdominal aorta into the
iliac arteries. The external iliac arteries carry part of this blood to the
lower extremities, but most of that in the internal iliac arteries is curiously
returned to the placenta by means of the hypogasl1'ic arteries, which are
the continuations of the superior vesical branches of the internal iliac
ar teries (P late 26, Fig. 2, Nos. 22 and 24). They pass out at the um-
bilicus, where, und er th e name of th e umbilical arteries, they twine round
the umbilical vein in the substance of the cord, and return their impu re
blood to the placenta to be re-oxygenated, The umbili cal vein and the
ductus venosus become empty at birth, contract, and are ult imately con-
verted into fibrous cords which occupy th e fiss ure of the ductus venosus
of the liver and become its round ligament. They are usually obliterated
about th e fifth day after birth. The ductus arteriosus and the hypogastr ic
arteries also contract after birth, and become closed, the former usually
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within the first ten days, and the latter within the first three or four days.
The remains of the ductus arteriosus constitute the liqamentum. arteriosum,
which is attached to the concavity of the aorta at the left end of the arch.
The bands resulting from the obliteration of the hypogastric arteries form
the lateral false ligaments of the bladder.
The lungs pre cious to bhoth are quite solid, and are packed into the
back parts of the recesses on each side of the thorax. They receive only
a slight amount of blood by their proper branches of the pulmonary ar tery,
and return it to th e left auricle by the pulmonary veins.
The changes in the heart and vascular system, upon which depends the
differentiation of the circulation of the blood before and after birth, are
all gradual and commensurate with the processes of development. They
are almost completed by the establishment of the function of the lungs
when respiration occurs and the connection with th e placenta is severed.
At birth, the first inspiratory effort appears to be due to the stimulus of
the atmosphere upon the surface nerves, which is immediately impar ted
to the pneumogastric and phrenic nerves, in consequence of which the
phenomena of respiration ensue. The first expansion of the lu ng" is
attended with the passage of blood through the pulmon ary veins into
the left auricle, which exerts a considerabl e degree of pressure upon the
septal valve, so as to bring it in contact with the margin of the foramen
ovale, and thus the blood is directed through th e left auriculo-ventricular
opening into the left ventricle. Coincident with this is the diminution
of the tension between the auricles, owing to the arrest of the incoming
blood from the umbilical vein, so that th ere is little obstacle to the blood
from the in ferior vena cava joining that from the superior vena cava in
its passage through the right auriculo-ventricular opening in to the right
ventricle. T he expansion of the lun gs in inspiration induces the suction
of the blood from the righ t ventricle into the pulmonary artery and from
the left ventri cle in to the aorta. T he passage of th e blood through the
ductus ar teriosus ceases with th e determination of the pulmonary circula-
tion and the mechanical influence exerted upon the vessels at the root of
the hear t through their connections with the deep cervical fascia.
The circulation of the blood after birth, when the organs have
39
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attained their full development, consists in the reception of all the
venous blood returned from the body through the venre cavre in to the
right auricle and its passage into the right ventricle, whence it is pro-
pelled through the right and left branches of the pulmonary artery into
the lungs. H ere the blood is subjected to the purifying influence of the air
within the lobules (page 269), and then returned by the pulmonary veins
to the left auricle. This constitutes the p ulmona1'y circulation: The pro-
pul sion of the arterial blood from the left ventricle by means of the aorta
to be distributed throughout the body, and its return by the capillari es in to
th e veins which conduct it to the right auricle, constitute the systemic
circulation. The latter, in .reality, consists of numerous small circulations
everywhere, each of which is made up of supplying ar teries, intervening
capillaries, and draining veins. In its passage to and from the heart th e
blood is propelled in a rhythmic current in consequence of the peculiar
elastic and muscular contraction of the walls of the ventri cles. As it is
forced through the openings between the cavities or at the orifices of the
vessels leading out of them, every impulse is followed by th e closure of the
various valves which normally prevent the regurgitation of the blood, and
thus characteristic sounds are produced .
T he heart-sounds in health consist of a long sound (lith), succeeded
by a short one (dup), which is immediately followed by a pause equal in
duration to the second sound; and then the long and short sounds are
repeated, and so on. The ji1'st sound is caused chiefly by the closing of
the auriculo-ventricular valves, with the accompanying rush of the blood
from the ventricles in consequence of their systole or contraction. This
is synchronous with the beat of the apex against the chest wall. The
second sound is produced by the abrupt closure of the semilunar valves
which follows upon the emptying of the ventricles at the close of their
contraction, and by the pressure of the blood upon them, which, after it
has been driven into the pulmonary artery and the aorta, is forced in to
the sinuses of Valsalva in its endeavor to return. The degree of the
pressure upon the semilunar valves, which is proportionate to the volume
of the blood in the great vessels, causes the distinctness with which the
second sound is heard, and accounts for what is called its accentuation;
THE REGION OF THE THORAX. 307
Both the right and left ventricles contract and dilate in umson, as both
the right and left auricles also do.
The arterial pulse is produced by, and coincident with, the ventricular
contraction, as may be ascertained upon auscultation and feeling th e pulse
in any one of the superficial arteries at th e same time . In consequence
of this th e second sound, which is produced by the simultaneous closing
of the pulmonary and aortic semilunar valves, may be usually heard
with the stethoscope placed over the carotid arteries at th e root of the
neck, as it is propagated in the blood-current from their origins. If a
murmur is detected during the ventricular systole it is probably due to
regurgitation of the blood from the pulmonary artery or th e aorta, or to
some obstruction at one of the auriculo-ventricular openin gs. If in con-
nection with this there is absence of the second sound over the carotids,
aor tic regurgitation may be inferred. The prolongation of th e first or
second sounds, called th eir reduplication, is due to the want of harmonious
closure of the flaps of the respective valves producing them. When both
th e auricle and the ventricle upon one side become dilated from any cause,
great tensio n is exerted upon the fibrous ring to which the base of the
auriculo-ventricular valve is attached, and it is rendered "incompetent."
The tricuspid valve is peculiarly constructed so that regurgitation may
take place through it whenever the right ventricle is in any way embar-
rassed, and the thi'rd flap of th is valve has on this account been compared
to a "safety arrangement," as it provides this means of relief from the
strain that would otherwise ·be exer ted upon the pulmonary capillaries.
Disease of the tricuspid valve is rare, probably on account of this
anatomical provision, but when it allows of regurgitation of the venous
blood back into the right auricle it is often associated with a pul se in the
j ugul ar veins. T his is more especially noticeable in the right jugular
vein , as the reflux blood passes more readil y into the right innomin ate
vein . ' Vhat is called the 'resp irato1'y pulse is often observable in the
supe rficial cerv ical veins, even in health, after rapid exercise, as in
dancing, when, during the rapid efforts at expiration and inspiration, and
before harmonious respiration is regained, th e blood is prevented from
emptying itself evenly from the veins into the superior vena cava. As
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the left side of the heart is always engaged in forcing the arterial blood
throughout the system, it naturally follows that the miirai valve is liable
to suffer in consequence of over-work. lJIitml 1'egll1'gitation is therefore
the most frequent of valvular affections, and the murmur which charac-
terizes it necessarily occurs with the ventricular systole. This murmur
can be distinguished from aortic regurgitation by not being noticeable in
the carotid arteries, but by being more clearly heard over the apex and
below the left shoulder-blade, where the left ventricle is nearest the tho-
racic wall without the intervention of any other portion of th e .heart.
In order to determine upon a topographical survey of the chest
(P late 27) for the clinical study of th e relative positions of the important
parts of the heart and lungs, it is well to bear in mind certain established
facts, and to pay especial attention to the landmarks of this region. There
is very little possibility of change in the normal position of the base of
the heart in the adult, as has been explained (page 273), in consequence
of the manner in which the pericardium is attached to the central tendon
of the diaphragm below and to the deep cervica.l fascia above.
The apex of the heart, on the contrary, is continually changing its
position during life, as it is free within the pericardium, and extends
upon th e left muscular arch of the diaphragm, which overl ies the stomach,
so that not only does it natura.lly accommodate itself to the diaph ragmatic
movements of respiration, but its freedom is also somewhat interfered with
when the stomach is distended. In this connection it should be remem-
bered th at th e left lobe of the liver overlaps the stomach, even so far as
its cardi ac extremity, and thu s intervenes between the latter and the
diaphragm (P late 29). Distention of the stomach with gas from fermen-
tation in digestion in various dyspeptic conditions is often at tended with
cardiac disturbance, but thi s disturbance occurs chiefly th rough the tension
exerted upon the diaphrag m, and the consequent limitation of the ordinary
moving space of th e heart within the pericardi al sac. U ndoubtedly, also,
many of the nervous symptoms attendant upon such a condition may be
ascribed to th e dragging upon the filaments of the pneumogastric nerves
which accompany the cesophagus through its prope r opening in the dia-
phragm to their distri bution over the stomach (Plate 36). The degree
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of displacement of the heart in consequence of distention of the stomach
is, however, greatly exaggerated, for, except in very unu sual cases, the
stomach when distended must enlarge toward its free border at the ex-
pense of the abdominal cavity rather than of the thoracic. The anatomy
of the diaphragm is described on page 320, but its ever-changing posi-
tion at the sides renders the study of its relations to the adjacent viscera
of the thorax and abdomen of peculiar value and interest. A fter death
the diaphragm is usually found arching upward to the fullest extent,
owing to the collapsed state of the lungs from expiration ; but during
life its lateral contractions produce changes which are more apparent
th an real, for there a~e alterations in th e relative positions of the ribs
and stern um above and below, which are coincident and exert a modi-
fying influence on whatever effect it may have upon the neighboring
viscera. I t should be remembered th at the ribs are raised in inspiration
and lowered in expiration, and that their relations are thu s materially
altered. To be of assistance in arriving at any degree' of accuracy in
observation, these alterations are further to be considered from the stand-
point of the individual peculiarities of confo~:mation of the chest; and
only by those who are most cognizant of what may be termed the normal
changes are the difficulties in the way of mappin g out the position of the
viscera upon the living body properly appreciated.
The shape of th e thorax varies considerably in different individuals.
The ribs vary in breadth, as do also the stern um and the intervening
cartilages (Plates 27, 28, 29).
The uncertain ty attending the many descriptions of the position of the
heart within the thorax is mainly due to a want of proper consideration
of the relative bearing of thi s important organ to the general conformation
and development of the bony cage which contains it. It should be under-
stood and remembered at the outset of every physical exam ination that the
precise location of the various par ts must be settled with exactness upon
each individual, and th at any standard of measurement can be applied
only with latitude. It is easy enough to point out where th ings ought
to be beneath the skin, but to SH,y that they actually are at anyone
spot, witho ut auscultation and percussion, is not compatible with extensive
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observation upon the living or the dead. An ' allowance should always
be made in fixing upon any diagnostic point, but it may be considerably
diminished if sufficient attention is paid to the peculiari ties of individual
conformation. '
It has been asserted (page 245) that the ridge between the manubrium
and gladiolus of the stern um is the most reliable landmark in the front
of th e chest. It indicates th e position of the sternal attachment of the
cartilage of the second rib, and th erefore by counting downward on either
side the numerical order of the several tru e ribs may be ascertained. As
already stated, th e base of the hear t may be considered to be anatomically .
fixed at the junction of the third costal car tilage with the righ t border of
....
the sternum. This is fortunate for diagnostic purposes, because it assists
in determining the localization of the val ves of the hear t. The apex of
the heart in a well-formed adult may be felt beating at each contraction
between the cartilages of the fifth and sixth ribs, to the left of the stern um,
and about nine centimetres, or three and a half inches, from its middle.
The thorax should give a clear note on percussion, except over the
position of th e heart, where dulness is elicited. Only a small triangular
part of the heart is uncovered by the lun gs and pleurre during full inspi-
ration (Plates 27, 29, and 30) , in consequence of the deflection of the left
lung from the middle lin e. This is known as the area of the greatest
cardiac dulness. The limitations of this ar ea may be approximately indi -
cated by drawing a line from the middle of the stern um opposite the fourth
left costal cartilage to the point of junction of the left fifth rib and its
carti lage, and from this point horizontally back to the mid-sterna l line
(P late 27).
The following survey of the anterior view of the chest is based upon
many careful observations upon the livin g, and it is believed to be verified
by the dissections of th is region, as represented in Plates 29, 30, 31, 32,
33, 34, and 35. Th e references throughout the text, as to the position
and bearing of the lungs, the heart, and the great vessels, are also the
result of personal study.
In the adult, standing erect, with the shoulders squared and the arms
at the sides, if the breath is held upon expira tion, the position of the
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valves of th e heart may be ascertained, after determining upon the rela-
tions of th e base and apex of the heart as above described (Plate 27).
The 1'ight auriculo-ueniricu lar or tricuspid valve is situated behind the
middle of the sternum, opposite th e interspace between the righ t fourth
and fifth ribs. The left auricu lo-ventricular or mitral valve is situated
j ust above the cartilage of the left fourth rib, about two and a half centi-
metres, or an inch, from the border of the stern um. The aortic semi-
lunar valves are behind the stern um, bet~Yeen the junction of the cartilage
of the left fourth rib and th e mid-sternal lin e.' The semilunar valves of
the pu lmonary arier s] are just behind the junction of the cartilage of the
I
left third rib with the border of the stern um. If, the breath is held 1.tpon
inspiration, the interposition of the lungs rend ers the heart-sounds obscure .
and uncertain. Fortunately, the st ructure of the stern um is such that in
a measure it serves as a sounding-board, and does not interfere with the
transmission of the sounds through a stethoscope.
Tb..e difficulty of fixing definitely the points where the sounds of the
cardiac valves can be detected by the ear applied to the chest is greatly
increased in examining young children, in whom the position of the heart
is relatively higher and consequently the sounds of its valves are confused
with those of the respiratory organs. In infan cy and throughout child-
hood the heart also is proportionately of greater breadth in comparison
with the chest (Plate 42), and th e apex-beat will therefore generally be
found at a point higher and more external than it is in the adult. The
so-called nipple-line is not to be relied upon for accurate reference, as the
position of the nipple, although usually occupying the fourth intercostal
space upon both sides, is subject to variation, as stated in the description
of the breast (page 250) .
With regard to the physical examination of th e chest for the recog-
nition of the condition of the lung~ there are several points regarding
which the anatomy of th e region will offer elucidation. When th e hands
are held in each other at the back, with the body in the uprigh t position,
percussion over the anterior wall of the chest will reveal a clear note
wherever the lun g-tissue is healthy. By this means an experienced ear
and a ligh t touch may enable the physician to map out the area of the
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lungs 1ll inspiration (Plate 27) and thus ascertain the degree of their
expansion. Over the apices of the lungs at the root of th e neck there
is a sligh t resonance, but it is much more clear below the clavicles, where
th e amount of lung tissue is greater. Generally in this locality there is
upon the right side normally a comparative degree of dulness, owing to
th e interposition of the innominate artery and innomina te vein. Both
sides of the chest should always be percussed symmetrically downward,
the area of the heart's dulness being allowed for upon the left side. By
this means it will be found that in th e middle over the stern um during
inspiration the resonance is clearest along the upper part of the gladiolus,
above the attachment of the cartilages of th e fourth ribs. Upon the
r ight side the resonance diminishes below the level of the fifth rib, as the
lung thins out over the liver, until the upper border of the seventh rib
is reached, where the absolute dulness of the liver commences. Upon
the left side below the sixth rib percussion will gradually elicit the tym-
pani tic note of the stomach.
The posterior lower level lin es of the lungs are indi cated in the topo-
graphical survey of the back, which will be found in Vol.lI.
The space included between the reflections of the two pleurre posteriorly,
extending from the roots of the lungs and the pericardium to the sides
of the bodies of th e dorsal vertebr re, is called the posterior mediastinuni
(page 263). I t contains the descending thoracic aorta and its intercostal
branches, the <Esophagus, the pneumogastric nerves, th e thoracic duct,
th e vente azygos major and minor, the splanchnic nerves, and some lym-
phatic glands (P lates 36, 37, 38, and 41, Fig. 2).
The descending thoracic aorta commences at the termination of the
ar ch, about the lower border of th e body of the fourth dorsal vertebra
on the left side, and extends to the twelfth dorsal vertebra. I t is closely
connected to the spine by a strong investment of the endothoracic fascia,
and its course is not straight, as it follows the natural curvature of the
spine in this region, and gradually approaches the middl e lin e, where it
passes through its proper opening in the diaphragm to become the abdom-
inal aorta . The thoracic aorta is separated from the pericar dium by the
cesophagus and the pneumogastric nerves (Plates 37 and 38) . The root
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of the left lung is in front of its upper portion (P lates 39 and 40), which
also indents the lung in this relation. As it descends, this portion of the
aorta diminishes slightly in calibre (from twenty-three to twenty-one
millimetres, or from eleven-twelfths to five-sixths of an inch, in diameter)
and gives off at intervals num erous branches. From the anterior sur face
arise th e upper and lower right and left bronchial arteries, which accom-
pany the respective bronchi into the lungs, several pericardiac arteries,
and four or five ceeop luujeal arteries, which are distributed to the walls
of the pericardium and resophagus and also to the posterior mediastinal
lymphatic glands. From the posterior surface upon each side there are
usually nine intercostal arteries given off. There are eleven pairs of
intercostal arteries, but the upper two are derived from the superior inter-
costal branch of the subclavian artery (page 229). The righ t aort ic
intercostal arteries are longer than the left, owing to the position of the
aorta, being for the most part on the left side of th e spine, and the
upper ones upon each side ascend obliquely to pass along the intercostal
spaces, while the lower ones pass transversely.
Upon reaching the intercostal spaces, between the side of the ver tebra
and the superior costo-transverse ligament, each artery divides in to an
anterior and a posterior branch. The anterior branch is the largest, and
at first run s along the middle of the intercostal space upon the external
intercostal muscle, and, in consequence of the internal intercostal muscle
being deficient here, is separated from the thoracic cavity only by the
endothoracic fascia and costal reflection of th e pleura. At the angle of
th e rib the vessel passes between the two layers of intercostal muscles
and becomes lodged in the sub-costal groove of the lower border of the rib
above, with its companion vein above and nerve below (P late 37). Before
doing so it sends off a tiny branch called the collateral intercostal artery ,
which run s along the upper border of the rib below. This branch is
sometimes large enough to cause troublesome bleeding , and in entering
a trocar through anyone of the spaces it is bette r to select the middle
of the space, instead of just above the border of the lower rib as generally
recommended. The anterior branches of the intercostal arteries anasto-




Dissection of the ante rior th oracic region, showing the superficial fascia and mammary gland on the left side , an d
the grea t pec tora l mus cie on th e right. Th e arms are drawn upw ard a nd out wa rd to bring th e axlllary borders Into
prominence an d expose th~lr relations to the vessels and lymphat ic glands ; of impo rtance in ope ratio ns upon the breast.
From a fcmale aged twenty-four ycars.
1. The converging fibres of thc right pectorali s major
mu scle, passing to th eir insertion on th e hu merus.
2. Th e anterior cutaneous branch of th e first int er costal
ner ve, an d th e first pe rfora ting branch of the in-
ternal mam mary artery.
3. Th e sub-scapula r artery, vein s, and nerves.
4. The a nte rior cuta neous branch of the second inter-
costal nerv e, a nd the second, or prlncipal, perforating
branch of th e internal mammary artery.
5. Th e long tho racic nerve.
6. Th e anterio r cutaneous branch of th e th ird intercostal
nerve, and th e third perforating bran ch of th e in-
ternal mammary artery.
7. The long th oracic a rtery, cou rsin g along the axillary
border of the pectoralis major mu scle wh cn in thi s
positi on.
8. Th e anter ior cuta neous branch of th e fourth intercostal
nerve, a nd th e fourth perforating branch of the in-
ternal mammary artery.
9. The middle clavicular nerves.
10. The int ernal cla vicular nerve.
11. The fascia over the great pectoral mu scle.
12. Th e ste rnal ner ves,
13. Th e supe rficial ax lllary veins.
14. Th e axill ary gla nds.
15. The superior division of the second, or principal.
perforating branch of th e int ernal mam mar y ar-
te ry.
16. Th e Inferior dlvlslon of the second perforating branch
of th e in ternal ma mma ry arte ry.
17. Th e superficial pectoral Iascla, surround lng th e mam-
mary glaud.
18. Th e left nipple, with its are ola.
19. The lower portion of the mammary gla nd , car efully
dissected to sho w the lactiferous lobes and ducts.
20. Th e superficial cutaneous veins,
Figure 2.
Dissecti on of the mu scles of the shoulder and axilla on the right slde. Th e lymphatic gla nds and vessels are super
posed up on the ph otograph, from notes of many observatio ns, to sho w their proper relatlons,
1. Th e temporal muscle.
2. The deltoid muscle . reflected ,
3. Th e pectoralis major muscle , refiected.
4. The tri cep s mu scle.
5. The biceps muscle.
6. The lymphatic chain along the inner border of the
cora coid head of the blee ps mu scle.
7. Th e cora co-brachialis muscle.
8. The sub-senpula rls mu scle.
9. Th e latissimus dorsi muscle.
10. The lymphatic chain alo ng the axlllary border of the
latissimus dorsi mnscle .
11. The compressor naris muscle.
12. The bueclnator muscle.
13. The masse ter mu scle,
14. The depressor angull oris mu scle .
15. Th e anterior portion of the digastri c mu scle.
16. The myl o-hyoid muscle.
17. Th e thy ro-hyoid muscle .
18. Th e head of th e humerus, covered with th e capsular
ligament.
19. Th e ste rno -mastoid mu scle.
20. Th e glenoid head of th e hiceps mu scle.
21. Th e sterno-th yroid mu scle.
22. The ste rno-h yoid mu scle.
23. The cora coid head of the bleeps mu scle.
24. The coracoid attachment of the pect oralis m inor mus-
cle.
25. Th e axilla ry glands in the apex of the ax tllu,
26. The pectoralis mi nor mus cle.
27. Th e lymphatic cha in along the axillary horder of the
pectorali s minor mu scle.
23. The serra tus ma gnus mu scle,
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artery in front (page 257) . They distribute blood to the contiguous ribs
and muscles, and also by perforating branches to the pectoral muscles,
mammary gland, and serratus magnus muscle. The anterior in tercostal
vessels and nerves pass, as th ey enter between the in tercostal muscles,
beneath the chain of sympathetic nerve ganglia (Plates 36 and 37).
The posterior intercostal arteries pass backward with the dorsal nerves
between the transverse processes of the contiguous vertebrte, and divide
opposite the in tervertebral foramina into th e spinal and dorsal branches.
The spina l arteries enter the spinal canal and immediately subdivide and
establish communications with the vessels above and below, so that th ere
are arterial plexuses formed in front and at the back of the cord, called
the anterior and posterior neural rete mirabile. A branch of each spinal
ar tery also pierces the dura mater of the spinal cord, and .J with similar
branches anastomoses upon the anterior and posterior surfaces of the cord
itself. The dorsal arteries divide into internal and external muscular
branches, which sUi)ply the various layers of dorsal muscles.
The eesophagus is the continuation of the pharynx, and begins in
the neck on a level with the sixth cervical vertebraund th e lower border
of the cr icoid cart ilage (Plate 12) . It is the narrowest portion of the
digestive canal, and leads directly into the stomach, passing in front of
the spine to th e transverse portion of the arch of the aor ta, thence
th rough the posterior mediastinum in front of the descendin g thoracic
aorta (P late 37) to its proper opening in th e diaphragm opposite the
ninth dorsal vertebra. It is about twenty-five cent imetres, or nine. or
ten inches, in length. It is most constricted in relation to the fourth
dorsal vertebra and at the diaphragm. I ts course is somewhat peculiar,
being not exactly straight, and, besides conforming to the curvatures of
the spine in the different regions th rough which it passes, it deviates
from the middle lin e in certain localities. At the root of the neck
it bulges to the left of the trachea (Plate 36), which, with the lobe of
the thyroid body and the left recurrent laryngeal nerve, is situated in
front of it . It is separated from the longus colli muscles by the pre-
vertebral expa nsion of th e deep cervical fascia. The left inferior thyroid
and common carotid arteries, and the thoracic duct, are close to the left
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side of it. \Vithin the thorax the oesophagus passes through the superior
mediastinum, extending over a little to the right of the middle line, lying
in front of the bodies of the upper dorsal vertebrre. In the posterior
mediastinum it is separated from the vertebrre by the thoracic duct, the
vena azygos major, and the right upper intercostal arteries. H ere it passes
forward and to the left, and is surrounded below the roots of the lun gs by
th e resophageal plexus of nerves, which are derived from the righ t pneumo-
gastric nerve posteriorly and from the left pneumogastri c nerve anteriorly .
I t is in relation with both pleune, but more especially the right, and has
in front of it the trachea, th e left bronchus, the arch of the aorta, and the
posterior surface of the pericardium in relation to the left auricle (Plates
38 and 39). The oosophagus terminates at the cardiac orifice of the
stomach, about two centimetres, or three-fourths of an inch, to the left
of the middle line, passing through the diaphragm, and entering the
cavity of the abdomen behind the left lateral ligament of the liver and
the adjoining peritoneal layers of the lesser omentum.
Upon section the cesophagus appears like a cord with a stellate lumen
(Plate 41, Fig. 2, No. 12). It will be observed from the above that the
direction of the oosophagus presents two lateral curves, one at the root
of the neck and th e other at the diaphragm, which should not be over-
looked in the introduction of a probang or of the stomach-pump. The
diameter of the canal vari es, being norm ally at the above-mentioned points
of constriction thirteen millim etres, or about half an inch, and in the
rest of the passage from seventeen to twenty-on e millimetres, or a little
over three-quarters of an inch. These measurements are considerably
increased by forcible distention: the narrowest portions, however, rarely
exceed twenty- two millimetres, or seven-eighths of an inch, in diameter,
while the rest of th e gull et will stretch to thirty-six millimetres, or one
and a half inches. It follows, therefore, that foreign bodies when swal-
lowed are most apt to be arrested at either the upp er or the l ~wer portion
of the eesophagus.
The -operation of msophagotomy for the removal of an impacted foreign
body is performed with th e pat ient's neck turned upon the righ t side
over a pillow, so as to render the left side prominent where the cesoph-
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agus extends to the left of the middle line. The foreign body can
usually be felt, and thus serves as a guid e. The incision should be free
and made parallel to the anterior border of the sterno-mastoid muscle,
and the carotid sheath carefully exposed. The latter, togeth er with the
trachea, should be drawn forward and the stern o-mastoid muscle outward ,
every precaution being exerci sed not to injure the thyroid body, the
thyroid vessels, or the recurrent laryngeal nerve, and especially to avoid
tearing the surrounding loose cellular tissue, which is very prone to diffuse
inflammation.
The distensibility of the <Esophagus is due not only to th e laxity of
its attachments, but also to the character of its coats. These consist of
an external or muscular coat, composed of outer longitudinal and inner
circular fibres, which are mostly well developed and pronounced in the
upper portion; a middle or areolar coat, consisting of elastic tissue in
which are embedded masses of adenoid tissue and rows of little racemose
<Esophageal glands (larger below than above), and an internal or mucous
coat, which is continuous with the mucous lining of th e pharyn x above
and with th e stomach below, and which when the cesophagus is empty
is folded into vertical rugre. The mucous membrane is qui te thick, and
is lin ed with scaly epithelium. The arteries to the <Esophagus are deri ved
from various sources. In th e neck it receives branches from the inferior
thyroid artery, within the thorax branches from the descending thoracic
aorta, and below the diaphragm a few twigs from the gastric artery . I ts
veins empty their blood into the gastric, the vena azygos major, and the
inferior thyroid veins in their respective localities. The nerves are sup-
plied from the <Esophageal plexus formed by th e pncumogastrics and some
filaments from the first dorsal ganglion of the sympathetic nerve.
The pneumogastric nerves within the thorax hold different relations
upon the two sides. The 1'ight pneumogastric enters from the neck, be-
tween the subclavian artery and subclavian vein, and descends by the side
of the trachea to the root of the lung (Plate 39) . After giving off the
recurrent branches and others which communicate with similar bran ches
from the left pneumogastric nerve and form the posterior pulmonary and
<Esophageal plexuses, it continues as a single cord along the posterior
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wall of the <esophagus to the stomach . The left pneumoqastric nerve,
after entering the thorax from the neck between the left subclavian and
carotid arteries and behind the left innominate vein, passes-over the arch
of the aorta and behind the root of the left lung to the ant erior sur face
of t he <esophagus. In its course it gives off branches which combine
with those from the right pneumogastric nerve, as already stated, in the
formation of the pulmonary and <esophageal plexuses, and continues as a
single cord along the anterior wall of the <esophagus to the stomach.
The recurrent laryngeal nerves are given off from the pneumogastric
nerves within the limits of the superior mediastinum, and have already
been particularly described (page 185).
The thoracic duct is the upward continuation of the receptaculum
chyli, which receives the converging lacteal vessels from the intestines
and the lymphatic vessels from the lower portion of the body, which are
described with the region of the abdomen in Vol. II. The duct enters
th e posterior mediastinum by the aortic opening in the diaphragm, to the
right side of the aorta (Plate 37, No.8, and P late 38, No.2), and ascends
in a sinuous course in close relation to the right pleural boundary of this
space as far as the body of the third dorsal vertebra. Here it passes
across to the left side behind the arch of the aorta and the <esophagus,
and curves upward to the left side of the latter, between it and the left
pleura, to enter the superior mediastinum. Very often th e thoracic duct
in its upper portion divides into branches, and it usually presents a dila-
tation where it crosses over the spine. It receives the pleural, intercostal,
and left pulmonic lymphatic vessels. ' Vhen dilated it appears irregular
and nodulous, owing to the many pairs of valves with which it is pro-
vided. The valves are most numerous in the upper portion, where it
ascends between the <esophagus and the left subclavian artery into the
neck as high as the seventh cervical vertebra. It th en curves down-
ward over the subclavian artery, neal' the anterior border of the scalenus
anticus muscle, and empties into the back part of the confluence of the
left common jugular and subclavian veins (P late 20, No. 69) . At the
orifice of the duct th ere are two well-marked valves, which guard against
any regurgitation of the blood from the veins into its canal.
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The vena azygos maj or is the great connecting link between the
superior and inferior venre cavre, making up for th eir deficiency in the
situation of the heart. It commences by tributaries from the right lumbar
and renal veins, and often from the inferior vena cava itself, and, passing
·through th e diaphragm at the aortic opening, ascends upon the righ t side
of the spine over th e right intercostal arteries to the third dorsal vertebra,
whence it arches forward to empty into the superior vena cava as it
becomes covered by the pericardium (Plate 37, No. 30). ', I t receives the
lower nine or 'ten right intercostal veins, the spinal veins, and the pos-
terior mediastinal, resophageal, and right bronchial veins. About the
sixth dorsal vertebra the vena azygos major is usually joined by the
vena azygos minor (Plate 38, No, 13), which ascends up the left side of
the spine (Plate 36, No, 84). The latter vein 'commences in the abdo-
men by tributaries from the left lumbar veins and' the Iefb renal vein,
and ascends to the left of the aorta through the left crus of the dia-
phragm. It receives the lower six or seven of the intercostal veins,
besides some of the mediastinal and resophageal veins. The left upper
intercostal veins terminate in a trunk called the superior vena azygos
minor, which empties into the' vena azygos major generally, but some-
times into the inferior vena azygos minor. All the azygos veins are
provided with valves, which are not very perfect, however. .
The splamchmic nerves are the sympathetic nerve cords which are
made up of branches from the lower thoracic ganglia, and are distributed
to the abdominal plexuses under the nam es of the greater and lesser
splanchnic nerves (Plate 36, Nos. 80 and 83, and Plate 37, Nos. 13 and
15). The sympathetic ganglia in the thoracic region vary in number
upon each side from ten to twelve, in consequence of several of them
being often united. The first is the largest, and they are mostly situated
over the heads of the ribs. They are small, grayish-pink, irregular bodies
connected by broad, thin, grayish branches, and each ganglion is also con-
nected by a couple of branches, one white and one gray, with the neigh-
boring intercostal nerve. It is thought that these connecting links with
the spinal nerves consist of fibres which leave the ganglia at their inner
brunches and endow them with vaso-motor and viscero-inhibitory functions.
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The nerves from the four upp e1' ganglia are quite small, and pass inward
to join the cardiac and posterior pulmonary plexuses. The nerves from
the six lower ganglia constitute the gr eater, the lesser, and the smaller
splanchnic nerves. The great splanchnic nerue is composed of the most
numerous filaments from the fifth, sixth, seventh, eighth, ninth, and tenth
ganglia, which combine into a single trunk, and, passing through the
crus of the diaphragm on the corresponding side, join the solar, renal,
and supra-renal plexuses. The lesser splanchnic nerve arises by branches
from the tenth and eleventh ganglia, and passes generally to the cceliae
plexus; and the smallest splanchnic nerve ari ses as a collateral branch
from ' the twelfth ganglion, and terminates in th e renal plexus. The
chains of the sympathetic ganglia and their nerve-cords are covered by
the reflection of the costal pleura upon each side, which holds them in
place, and which must be removed before they can be examined and
followed through the diaphra gm. The association of the filaments of the
splanchnic nerves with the solar plexus probably accounts for many of
th e obscure symptoms complained of in dyspepsia, which by reflex
action manifest themselves in pain in the area of distribution of the
cutaneous nerves of the upp er part of the back.
THE DIAPH RAGM.
The diaphragm is the thin, movable, arching partition which separates
the cavity of the thorax from th e cavi ty of the abdomen. Its const ruction
is very peculiar, as it consists of muscular and tendin ous portions which
arise by numerous digitations and, ar ching upward and inward, converge
to be inserted in to a common central tendon. To the upper surface of the
central tendon are attached the fi brous pericardium and the dense lateral
bands which are prolonged from the deep cervical fascia, already described
(page 259) . These serve to maintain the arch of the diaphragm and to
keep the central tendon in position whil e the muscular portion s are in
constant motion during respira tion (page 273) . .W hen looked at from
below, the whole diaphragm resembles somewha t a large palm-leaf, while
the central tendon appears almost a counterpart in form: hence the differ-
